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THIS work has grown up in the class-room. It con- 
tains those definitions^ illustrations^ and applications 
which seemed at the time to interest and instruct the 
author's pupils. Whenever any explanation fixed the atten- 
tion of the learner^ it was laid aside for future use. Thus, 
by steady accretions, the process has gone on until a book 
is the result. 

As Physics is generally the first branch of Natural 
Science pursued in schools, it is important that the 
beginner should not be wearied by the abstractions of the 
subject, and so lose interest in it at the very start. The 
author has therefore endeavored to use such simple lan- 
guage and practical illustrations as will attract the learner, 
while he is at once led out into real life^ From the mul- 
titude of philosophical principles, only those have been/ 
selected which are essential to the information of every! 
well-read person. Within the limits of a small text-book, ( 
no subject can be exhaustively treated. This is, however, 
of less importance now, when every teacher feels that he 
must of necessity be above and beyond any school-work 
in the fulness of his information. The object of an 
elementary work is not to advance the peculiar ideas of . 
any jwrson, but simply to state the currently-accepted 
facts and theories. The time-honored classifications recog- ' 
nized in all scientific works, have been retained. In order 
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to familiarize the pupil with the metric system^ now gen- 
erally used by scientific men^ it is continually employed 
in the problems. The notes contain many illustrations 
and additional suggestions^ but their great yalue will 
appear in the descriptions of simple experiments which 
are within the reach of any pupil. 

New plates being required for this edition^ the author 
has taken the opportunity thoroughly to revise the entire 
work. By carefully comparing the criticisms of teachers^ 
he has tried to obtain the ^'parallax" of all its statements 
and methods^ and to eliminate^ as far as possible^ the 
errors growing out of his ** personal equation. '* Hearty 
thanks are tendered to the many friends of the book 
who^ by their suggestions and criticisms^ have so greatly 
added to the value of this revision. To name them all 
in this Preface would be impossible, and to discriminate 
would be invidious. The author cannot, however, allow 
the opportunity to pass without expressing his profound 
sense of obligation. By untiring study and the continued 
help of his friends, he hopes thus, year by year, to make 
the series more and more worthy the favor which his 
fellow-teachers have so abundantly bestowed upon it. 
Happy indeed will he be if he succeed in leading some 
young mind to become a lover and an interpreter of 
Nature, and thus come at last to see that Nature herself 
is but a "thought of God.** 
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SCHOLARS are expected to obtain infonnation from this book, 
without the aid of questions, as they must always do in their 
general 'reading. When the subject of a paragraph is announcedTy 
the pupil should be prepared to tell all he knows about it. He should 
never be allowed to answer a question ^ except it be a short definition, in 
the language of the book. The diagrams and illustrations, as far as'H 
possible, should be drawn upon the blackboard and explained^ 
Although pupils may, at first, manifest an unwillingness to do this, 
yet in a little time it will become an interesting feature of the 
recitation. In his own classes, the author has been accustomed to 
place upon the blackboard the analysis of each chapter of the book^ and 
require the pupils to recite from that, without the interposition of ques- 
tions, except such as were necessary to bring out the topic more clearly 
or to throw a side light upon it. Where the analysis given in the 
book does not include all the minor points of the lesson, the pupils 
can easily supply the omission. The " Practical Questions " given aP 
the close of each general subject have been found a profitable exer- \ 
cise in awakening inquiry and stimulating thought. They may be 
used at the pleasure of the instructor. The equations contained in the 
text are designed to be employed in the solution of the problems. 
^ It should constantly be borne in mind that, as far as possible, every 
question and principle should be submitted to Nature for a direct . 
answer by means of an experiment. Pupils should be encouraged to 
try the simple illustrations necessary. The scholar who brings in a 
bit of apparatus made by himself, does better than if he were merel;^] 
to memorize pages of text. The following works, to each of which 
the author acknowledges his obligation for valuable material, will 
be useful in furnishing additional illustrations and in elucidating 
difficult subjects, viz, : Tait's Recent Advances in Physical Science : 
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Arnott's Elements ot Physics (7th ed.); Stewart's Elementary Physics, 
Conservation of Energy, and Treatise on Heat; Atkinson^s Des- 
chanel's Natural Philosophy ; Lockyer's Guillemin's Forces of Nature ; 
Herschel's Introduction to the Study of Physical Science ; Tomlinson's 
Introduction to the Study of Natural Philosophy ; Pepper's Play-book 
of Science ; Beale's How to Work with the Microscope ; Schellen's 
Spectrum Analysis ; Lockyer's The Spectroscope and Studies in 
Spectrum Analysis; Aiiy's Geometrical Optics; Nugent's Optics; 
Chevreul on Colors ; Thomson & Tait's Natural Philosophy ; Max- 
well's Electricity and Magnetism ; Faraday's Forces of Matter ; You- 
mans's Correlation of Physical Forces ; Maury's Physical Geography 
of the Sea ; Atkinson's Ganot's Physics (edition of '77) ; Silliman's 
Physics ; Tyndall's Lectures on Light, Heat, Sound, Electricity, and 
Forms of Water; Snell's Olmsted's Philosophy (revised edition); 
Loomis's Meteorology ; Miller's Chemical Physics ; Cooke's Religion 
and Chemistry, and also numerous works named in the Reading 
References at the close of each general division. They may be pro- 
cured of the publishers of this book. The pupil should continually 
be impressed with the thought that the textbook only introduces 
him to a subject, which he should seek every opportunity to pursue 
in larger works and in treatises on special topics. 

As heretofore, the author will be pleased to correspond with teach- 
ers concerning the apparatus for the performance of the experiments, 
or with reference to any of the '* Practical Questions." 
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" We have no reason to betieve that the sheep or the dog^ or indeed any 
of the lower animals ^ feel an interest in the laws by which natural phe- 
nomena are regulated, A herd may be terrified by a thundei^storm ; birds 
may go to roost ^ and cattle return to their stalls during a solar eclipse ; but 
neither birds nor cattle ^ so far as we know^ ever thinh of inquiring into 
the causes of these things. It is otherwise with man. The presence of 
natural objects, the occurrence of natural events^ the^yaried appearances of 
the universe in which he dwells^ penetrate beyotid his organs of sense^ and 
appeal to an inner power of which the senses are the mere instruments and 
excitants. No fact is to him either final or original. He cannot limit 
himself to the contemplation of it alone, but endeavors to ascertain its 
position in a series to which the constitution of his mind assures him it 
must belong. He regards all that he witnesses in the present as the efflux 
and sequence of something that has gone before, and cu the source of a 
system of events which is to follow. The notion of spontaneity, by which 
in his ruder state he accounted for natural events, is abandoned ; the idea 
that nature is an aggregate of independent parts also disappears, as the 
connection and mutual dependence of physical powers become more and more 
manifest ; until he is finally led to regard Nature as an organic whole, as 
a body each of whose members sympathizes with the rest, changing, it is 
true, from age to age, but without any real break of continuity, or inter- 
ruption of the fixed relations of cause and effect.*^ — Tyndall. 
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1. Matter. — Whatever occupies space is called miU^; 
A definite portion of matter is termed a body. Examplefef: /;. . 
a lake^ a dew-drop^ a quart of oil^ an anyil, a pendulum.* : 
A particular kind of matter is styled a substatice. Exam- 
ples : gold^ wood, stone, oxygen. 

2. G-eneral and Specific Properties. — A genercU 
property of matter is a quality that belongs to all substances. 
Example : diyisibility. A specific property is one which 
distinguishes particular substances. Examples : the yellow 
color of gold, the brittleness of glass, the sweetness of sugar. 
These properties are so distinctive that we say, "yellow as 
gold,** " brittle as glass," " sweet as sugar." 

3. The Atomic Theory supposes 
(1.) That the smallest particle of matter we can see is 

composed of still smaller particles or molecules (tiny masses),* 
each possessing the specific properties of the substance to 
which it belongs.. 

(2.) That each molecule consists of two or more yet 
minuter portions, called atoniSy\ which cannot be jchanged 

* A molecule is a fn^np of atome held together hy chemical force, and is the 
smallest particle of a sabstance which can exist by itself. Even in a simple substance, 
i. e.y one in which the atoms are all of one kind, it is thought that they are clustered 
in molecules. (See Chemistry^ p. 90.) In water, the molecules are the small masses 
which, when driven apart, form steam. In a gas, they move like so many worlds 
through opace, and striking against the sides of the containing vessel, produce the 
pressure of the gas to escape. 

t Animalcules fhmish a striking iQustration of the minuteness of atoms. In the 
drop of stagnant water that clings to the point of a needle, swarming legions swim 
as in an ocean, full of life, fHt»king, preying upon one another, waging war, and re- 
enacting the scenes of the great world abont them. These tiny animals possess 
organs of digestion and assimilation. Their food, coursing in Infinitely minute chan- 
nels, must be composed of solid as well as liquid matter; and finally, at the lowest 
extreme of this descending series, we come to the atoms of which the matter itself is 
composed. 
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by any material fqr^d*. Bxiamples : a molecule of water is 
made up of two^^iiidrsot hydrogen and one of oxygen. A 

molecule of salt consists of one atom of chlorine and one of 

• • • 

sodium. . TI^ smallest piece of salt contains many molecules. 
By (^is&oftBing in water, we divide it into its separate mole- 
culft8^*Jlftd the solution has a briny taste, because each one 
.•^ pfijp^ses the savor of salt. 

:*:*•* 4. Physical and Chemical Changes. — A physical 
change is one that does not destroy the molecule, and so 
does not alter the specific properties of a substance. Exam- 
ples : the falling of a stone to the ground, the dissolving of 
sugar in water. A chemical change is one that makes new 
molecules and so destroys the specific properties of a sub- 
stance. Examples : the rusting of iron, the burning of coal. 

5. Physical and Chemical Forces. — ^A physical force 
is one that produces a physical change in matter. Exam- 
ples : heat when it turns water into steam, light when it 
illumines a room, magnetism when a knife-blade attracts a 
needle. A chemical force is one that produces a chemical 
change. Example : afl^ty when it converts sand and soda 
into glass. 

One kind of force sometimes develops another. Exam- 
ples : heat turns sugar into charcoal and steam, light causes 
chemical changes in vegetation, chemical force corrodes 
zinc and thus sets free electricity. 

6, Physical and Chemical Properties. — A physical 
property is one that can exist in a substance without essen- 
tially changing the molecular structure of that or of any other 
substance. Examples : melting point, color, weight. A 
chemical properly is one that determines the character of the 
chemical change of which a substance is susceptible, or the 
chemical effect it may exert upon other substances. Exam- 
ples : the power of gunpowder to explode, the tendency of 
wood to unite with the oxygen of the air and so decay, 
the reciprocal action of soda and cream of tartar to cause 
effervescence. 
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7. Physics and Chemistry. — The former treats of 
phenomena in which there is a physical change in matter ; 
the latter^ of those in which there is a chemical change. 
The unit of the physicist is the n\olecule ; of the chemist, 
the atom. As both kinds of force and properties reside in 
every substance, and every substance is susceptible of both 
kinds of change, the two subjects are intimately connected. 

PRACTICAL QUESTIONS.— Name Bome specific property of coal ; liik; chalk; 
graBB ; tot>acco ; snow. My knife-blade is magnetized, bo that it will pick up a needle ; 
is that a physical or chemical change ? Is it treated in Physics or Chemistry ? Is the 
burning of coal a physical or chemical change ? The production of steam ? The for- 
mation of dew? The falling of a stone? The growth of a tree? The flying of a kite? 
The chopping of wood? The explosion of powder ? The boiling of water? The 
melting of iron ? The drying of clothes ? The freezing of water ? The dissolving of 
sugar? The forging a nail? The making of bread? The sprouting of a seed? The 
decay of Tegetables ? The condensation of steam ? 



II. GENERAL PROPERTIES OF 

MATTER 

The principal general properties of matter are magnitude, 
impenetrability, divisibility, porosity, inertia, and inde- 
structibility.* We cannot imagine a body which does not 
possess them all. 

1. Magnitude is the property of occupying space or 
having volume. Size is the quantity of space a body fills. 
A body has three dimensions — ^length, breadth, and thick- 
ness. To measure these, some standard is required. England 
and the United States have chosen an arbitrary one called 
the yard. France has adopted the metre, which is about 
40000000 ^^ 8,n entire meridian of the earth. This is a 



* The first two of these, serving to define matter, are its eBsential attribatee. 
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unit on which is based a decimal system that, because of its 
simplicity, is steadily growing in favor. 

2, Impenetrability is the property of so occupying 
space as to exclude all other matter.* No two bodies can 
occupy the same space at the same time. A book lies upon 
the table before me ; no human power is able to place 
another in the same spot, until the first book is removed. 
I attempt to fill a bottle through a closely-fitting funnel ; 
but before the liquid can run in, the air must gurgle out, 
or the water will trickle down the outside of the bottle. 

3, Divisibility is that property which allows a body to 
be separated into parts. The extent to which the divisibility 
of matter may be carried is almost incredible, f Example : 
a grain of strychnine will flavor 1,750,000 grains of water ; 
hence there will be in each grain of the liquid only ^j ^ g^^flj) - 
of a grain of strychnine, yet this amount can be distinctly 
tasted. 

4, Porosity is the property of having pores. By this is 
meant not only the sensible pores to which we refer when in 
common language we speak of a porous body, as bread, 
wood, unglazed pottery, a sponge, etc., but also the finer or 
physical pores. The latter are as invisible to the eye as the 

* In common langrnage, we say a needle penetrates cloth, a nail enters wood, etc. ; 
but a moment^s examination shows that they merely push aside the fibres of the cloth 
or wood, and so pre^s them closer together. With care we can drop a quarter of a 
poand of shingle-nails into a tnmbler brimftill of water, without causing it to over- 
flow. The Bur&ce of the water, however, becomes convex. 

t Newton estimated that the film of a soap-bubble at the instant of breaking is 
less than 777^59 of an inch thick. Pure water will acquire the requisite viscidity for 
making bubbles by adding only xhs V^^ of soap. It is evident that there must be at 
least one molecule of soap in every cubic y ^oiooo of an inch of the film, and that the 
molecule must be smaller than one-hundredth of a cubic rfvhsms of an inch, i. «., than 
TTS7757 trillionths of a cubic inch. Now a molecule of soft-soap (if it is a pure potas- 
sium stearate, Chemistry ^ p. 219) contains 56 atoms, and this point must be reached 
before we come to the possible limit of divisibility.— Some idea of the vastness 
expressed by the word trillion may be derived from the estimate that if Adam, at his 
creation, had commenced to count one every second of time, he would not yet have 
completed the first quarter of a trillion ; and if Eve had come to his relief, and they 
had counted day and night, they would not see the end of their task for 10,000 years 
to come. (See also note on electric sparks, p. S960 
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atoms themeelvea, and are caused by the fact that the mole- 
cules of which a body is composed are not in actual contact, 
but are separated by minute spaces, • Ex. : to a bowl-fall 
of water it is eaay to add a quantity of fine salt without the 
liquid running over. Only care must be taken to drop in 
the salt slowly, giving time for it to dissolve and the bubbles 
of air to pass oS. When the water has taken up all the salt 
it will, we can still add other soluble solids, f — In test- 
ing large cannon by hydrostatic pressure (p. 85), water ia 
forced into the gun until it oozes 
through the thick metal and cov- ^^- •■ 

era the outside of the gun like 
froth, then gathers in drops and 
runs to the ground in streams. X 

The process of filtering, so much 
employed by druggists, depends 
upon this property ; the liquid 
slowly passes through the pores 
of the filter, leaving the solid 
portions behind. — Water, in Na- 
ture, is thus purified by perco- 
lating through beds of sand and 

• These tpacet nre ao cmsll that Uiej csddoI b« discerned with tbe mott powf r- 
All mlcroHcQpe, yet It Ib thought that the; are tatj Jsr^ nhen connpAred with the 
Blie or the itoms themselves. If we liQB^ne a being smsll enough lo live on one or 



we Investigate the hearealy bodies. 

t In this case we snpposeibst the particles of salt are smaller than those of water, 
■nd thoee of the different snbstances nsed are smaller thaa those of salL Tbe parti- 
cles of salt 111] the spaces between the particles of water, and tbe others occnpy Ihe 
stin emaller spaces left between tbe particles of salt. We ma; better understand 
thl9 If we snppase a bow] niled with Dreii|{es. It will hold a qnantllyofpeae.tbeD ot 
Kravel, Iben ofBuc sand, and lastly some water. 

t In the course of some experiments pertermed dnrini; the I8th century at the 
Florence Academy, Italy, hollow globes of silver were filled with water and placed In 
a screw-press. The spheres being flattened, thelrflie was dlirinlwhed, and the water 
oozed ihrODKb the pores of the metal. The pbllosopbers of Ihe dny tbonglit iblp to 
show that water Is incompressible. We now see that it prove-l only that silver has 
pocca larger tluD the moleculei of water. 



18 IKTRODUCTIOK. 

grayel. — Cisterns for filtering water have a brick partition 
in the middle. The water is cleansed as it soaks through 
the porous brick. Small filters are frequently made of a 
cask nearly filled with gravel and charcoal ; the water is 
poured in a little reservoir at the top and drawn off at the 
bottom by a faucet. 

5. Inertia is the negative property of passiveness.* Mat- 
ter has no power of putting itself in motion when at rest, 
nor of coming to rest when in motion. A body will never 
change its place unless moved, and if once started will 
move forever unless stopped. Ex. : If we leave the room, 
and on our return find a book missing, we know some one 
has taken it — the book could not have gone off of itself. 

• 

6. Indestructibility is the property which renders mat- 
ter incapable of being destroyed. No particle of matter can 
be annihilated, except by God, its creator. We may change 
its form, but we cannot deprive it of existence. Ex. : We 
cut down a tree, saw it into boards, and build a house. The 
house bums, and only little heaps of ashes remain. Yet in 
the ashes, and in the smoke of the burning building, exist 
the identical atoms, which have passed through these various 
forms unchanged.! 

* The common idea of inertia is that matter actively resistB any change ; and that 
when we lift a heavy etone, for example, we must overcome the determined opposi- 
tion of the body to be moved. Matter possesses no such property. The seeming 
obstinacy is due to the fiict that time is required to impart motion to a body at rest, 
and to overcome the momentum of a body in motion. The illustrations ordinarily 
given of inertia are really examples of a law of motion. We are also accustomed 
to think a body is more inclined to rest than to motion ; and so, while we see how a 
stone could not throw itself, we find it difficult to understand how, once thrown, it 
does not stop itself. We shall see hereafter that several forces destroy its motion 
and bring it to rest. (See pp. 28, 29, and Questions 55-62, p. 89.) 

t Walter Raleigh, while smoking in the presence of Queen Elizabeth, offered to 
bet her majesty that he could tell the weight of the smoke that curled upward iVom 
his pipe. The wager was accepted. Raleigh quietly finished, and then weighing the 
ashes, subtracted this amount from, the weight of the tobacco he had placed in the 
pipe, thus finding the weisrht of the smoke. When we reach the subject of combus- 
tion in chemistry, we shall be able to detect Raleigh's mistake. The smoke and the 
ashes really weighed more than the original tobacco, since the oxygen of the air had 
combined with the tobacco in burning. 
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III. SPECIFIC PROPERTIES OF 

MATTER. 

Among the most important specific properties of matter 
are ductility, malleability, tenacity, elasticity, hardness, and 
brittleness. 

!• Ductility. — A ductile body is one which can be drawn 
into wire. Fig. 3 represents a machine for making wire. 
B is a steel draw- 
ing-plate pierced ^^- 3. 
with a series of 
gradually dimin- 
ishing holes. A 
rod of iron. A, is 
hammered at the 
end so as to pass 
through the larg- 
est. It is then 

grasped by a pair of pincers, C, and, by turning the crank 
D, is drawn through the plate, diminished in diameter and 
proportionately increased in length. The tenacity of the 
metal is greatly improved by the process of drawing, so that 
a cable of fine wire is stronger than a chain or bar of the 
same weight. Gold, silver, and platinum are the most duc- 
tile metals. A silver rod an inch thick, covered with gold- 
leaf, may be drawn to the fineness of a hair and yet retain a 
perfect coating of gold, 3 oz. of the latter metal making 100 
miles of the gilt-thread used in embroidery. Platinum wire 
,has been drawn so fine that, though it is nearly three times 
as heavy as iron, a mile's length weighed only a single grain. 
{Oheinistry, p. 170.) 

2. Malleability. — A malleable body is one which can be 
hammered or rolled into sheets. Ex. : Gold may be beaten 
until it is only 3^0^000 ^^ ^^ ^^^ thick. It would require J 
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1800 such leaves to equal the thickness of common printing- 
paper.* Copper is so malleable^ that a workman can ham- 
mer out a kettle from a solid block. 

3. Tenacity. — A tenacious body is one which cannot 
easily be pulled apart. Iron possesses this quality in a 
remarkable degree. Steel wire will sustain the weight of 
about 7^ miles of itself. 

4. Elasticity is of four kinds^ according as a body tends 
to resume its original form when compressed, extended, 
twisted, or bent. 

(1.) Elasticity of Compression. — Msuij solids, as iron, 
glass, and caoutchouc, are highly elastic. Ex. : Spread a 

thin coat of oil on a smooth mar- 
ble slab. If an ivory ball be 
dropped upon it, the size of the 
impression will vary with the 
distance at which the ball is held 
above the table. This shows that 
the ivory is flattened, somewhat 
like a soap-bubble when it strikes 
a smooth surface and rebounds. 

Liquids are condensed with 
great difficulty, so that for a long 
time they were considered in- 
compressible. When the force is 
removed, they regain their exact 
volume, and are therefore perfectly elastic. 

Oases are easily compressed, and are also perfectly elastic. 
A pressure of 15 lbs. to the square inch reduces the bulk of 





* An ingot of gold is passed many times between steel rollers, which are so ad- 
justed as to be constantly brought nearer together. The metal is thus reduced to a 
ribbon about 7^ of an inch thick. This is cut into inch squares, 150 of which are 
piled up alternately with leaves of strong paper four inches square. A workman with 
a 16-lb. hammer beats the pile until the gold is spread to the size of the leaves. Each 
piece is next quartered, and the 600 squares are placed between leaves of goldbeaters^ 
skin and pounded. They are then taken out, spread by the breath, cut, and the 2,400 
squares pounded as before. They are finally trimmed and placed between tissue- 
paper in little books, each of which containB 26 gold leaves. 
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water only tt^j whereas it diminishes the volume of a 
gas J. A gas may be kept compresaed tor years, bnt on 
being released will instantly return to its original form. 

(2.) Elasticity of Expansion is posBeased largely by 
Bolids, slightly by liquids, and not at all by gases, Ex. : 
IndiarFubber, when stretched, tends to fly back to its origi- 
nal dimensions. A drop of water hanging to the nozzle of 
a bottle may be touched by a piece of glass and drawn out 
to considerable length, but when let go it will resume its 
spherical form. Oases when extended manifest no tendency 
to return to their former shape. 

(3.) Elasticitt of Torsion is the tendency of a thread 
or wire which has been twisted, to un- 
twist again. It is a delicate test of the p„ ^ 
strength of a force (Fig. 5). 

(4.) ELASTiciTr OF Flexure is the 
property ordinarily meant by the term 
elastic. Many solids possess this quality, 
within certain limits, to a high degree. 
Swords hare been made which could be 
bent into a circle without breaking. 
Watch-springs, bows, cushions, etc., are 
useful because of their elasticity, 

5. HardneBS. — One body is harder 
tlian another when it will scratch or in- 
dent it. This property does not depend 

on density.* Ex, : Gold is about 2J times denser than iron, 
yet it is much softer, — Mercury is a liquid, yet it is almost 
twice as dense as steel. — The diamond is the hardest-known 
substance, yet it is not one-third as heavy as lead. 

6, Brittleness. — A brittle body is one that is easily 
broken. This property is a frequent characteristic of hard 
bodies. Ex.: Glass will scratch pure iron, yet it is extremely 
brittle. 

■ A d*nw bodj hu IM niolecnieg cIomIj compscCed. The «aidnire,tbeoppOBlCa 
of denw, le applied to gase*. JfuH, or the qniuitltT of nulCar > bodj coataloa, 
Iboqld be dlitlnynlihcd from w«^ht or bIh (nolffl, pp. St, Wl). 
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SUMMARY. 

Matter is tbat which occupies space. A separate portion is called a 
bod7, and a particular kind a substance. A general propertj of matter 
belongs to all substances, and a specific one to particular kinds. Mat- 
ter is composed of very minute atoms. A group of atoms forms a 
molecule, in which reside the specific properties of a substance. A 
physical change never affects the molecule, but a chemical change 
breaks it up, and so forms a new substance. Philosophy deals with 
physical forces and changes ; Chemistry with chemical force or attrac- 
tion, and chemical changes. Magnitude, impenetrability, divisibility, 
porosity, inertia, and indestructibility are the principal general prop- 
erties of matter. Magnitude or extension is the property of occupying 
space ; the amount of space a body fills is its size. Impenetrability 
prevents two bodies from occupying the same space in the same time. 
Divisibility permits a body, so far as we know, to be divided infinitely. 
Porosity is of twp kinds : sensible and insensible. Sensible pores are 
caused by the particular structure of a body; insensible pores are 
inherent in the constitution of a body which consists of molecules that 
do not touch. Inertia is the natural laziness of matter, which forbids 
its changing its state from motion to rest, or vice verm. Indestructi- 
bility prohibits the extinction of matter by man. Ductility, malleabil- 
ity, tenacity, elasticity, hardness, and brittleness are the principal 
specific properties of matter. A ductile body can be drawn into wire ; 
gold, silver, and platinum are the most noted for this property. A mal- 
leable body can be hammered into sheets ; gold possesses this quality 
in a remarkable degree. A tenacious body resists pulling apart ; iron 
is the best example. An elastic body permits a play of its particles, so 
that they return to their original position when the disturbing force is 
removed. A hard body cannot easily be indented. A brittle body is 
readily broken. 



HISTORICAL SKETCH. 

In ancient times, any seeker after truth was termed a philosopher 
(a lover of wisdom), and philosophy included all investigations concern- 
ing both mind and matter. In the fourth century B. C, Plato assumed 
that there are two principles, matter and form, which by combining 
produce the five elements, earth, air, fire, water, and ether. Aristotle, 
his pupil, established the first philosophical ideas concerning matter 
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and space. But the method of study generally pnrsaed for 2000 years 
was one of pure metaphysical speculation. Obserration had no place, 
but the philosophers made up a theory, and then accommodated facts 
to it. They guessed about the real essence of things, as to whether 
matter exists except when perceived by the mind,* and how a change 
in matter can produce a change in mind. In 1620, Bacon published his 
"Novum Organum/' advocating the inductive method of studying 
nature. He argued that the philosopher should seek to benefit man- 
kind, and that, instead of wasting his time in sterile and ingenious 
theories about the world and matter, he should watch the phenomena 
of life, gather facts, and then reasoning from effects back to their 
causes, reach the general law. This work is commonly said to have 
established the modern method of investigation. Ptolemy, Archimedes, 
Galileo, and other physicists, however, had long before proved its 
value. 

The Atomic Theory was propounded by Democritus, in the fifth 
century B. C, and twenty-two centuries later elaborated by Dalton, an 
English physicist. The grander generalization and development of 
this law was advanced in 1811 by Avogadro, an Italian, and afterward 
extended by the French philosopher, Ampere. The latter asserted that 
" equal volumes of all substances, when in the gaseous form and under 
like conditions, contain the same number of molecules." For half a 
century this view lay dormant. Of late it has borne fruit, and the 
molecular theory has become to Chemistry what the law of gravitation 
is to Astronomy. The labors of Thomson, Cooke, Tait and others are 
now building up the whole superstructure of Chemistry and Physics 
upon this basis. 

The history of the establishment of a standard of measures is a 
curious one. Anciently, length was referred to some pprtion of the 
human body, as the foot ; the cubit (the length of the forearm from the 
elbow to the end of the middle finger) ; the finger's length or breadth ; 
the hand's breadth ; the span, etc. In England, Henry I. (1120) ordered 
that the ell, the ancient yard, should be the exact length of his arm. 
Afterward a standard yard-stick was kept at the Exchequer in London ; 
bat it was so inaccurate, that a commissioner, who examined it in 1742, 
wrote : " A kitchen poker filed at both ends would make as good a 
standard. It lias been broken, and then repaired so clumsily that the 
joint is nearly as loose as a pair of tongs." In 1760, Mr. Bird carefully 
prepared a copy of this for the use of the Government. It was not 
legally adopted until 1824, when it was ordered that if destroyed, it 



* Dr. Johneon once remarked to a gentleman who had been defending the theory 
that there is no external world, as he was going away, ^^Pray, sir, don't leave us, 
for we may perhaps forget to think of yon, and then yon will cease to exist.' 
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should be restored by a comparison with the len^h of a pendalom 
vibrating seconds at the latitude of London. (Third law, p. 60.) At 
the great fire in London, 1834, the Parliament House was burned, and 
with it Bird's yard-stick. Repeated attempts were then made to find 
the length of the lost standard by means of the pendulum. This was 
found impracticable, on account of errors in the original directions. At 
last the British government adopted a standard prepared from the most 
reliable copies of Bird's yard-stick. A copy of this was taken by 
Troughton, a celebrated instrument-maker of London, for the use of 
our Coast Survey.* 

The French had previously adopted for the length of the legal foot 
that of the royal foot of Louis XIV., as perishable a standard as Henry's 
arm. When they had established the metric system, they found that 
a mistake had been made in measuring the meridian. The English 
scientists discovered a difficulty in the calculation from the pendu- 
lum. So that both these attempts to fix upon an absolute unit in 
Nature have failed, and the French and English systems are alike 
founded upon arbitrary standards. 

Consult Cooke's "New Chemistry," chapter on Molecules, ete.; 
Powell's "History of Natural Philosophy"; Buckley's "History of 
Natural Science"; Whewell's "History of the Inductive Sciences"; 
Roscoe's "John Dalton and his Atomic Theory," in Manchester 
Science Lectures, '73-4; "Appleton's Cyclopaedia," Art. Molecules; 
Outerbridge's "Divisibility of Gold and Other Metals," in Popular 
Science Monthly, Vol. XI. p. 74 ; Cooke's " The Radiometer— a fresh 
evidence of a Molecular Universe," Popular Science Monthly, Vol. 
XIII, p. 1 ; Tait's " Recent Advances in Physical Science," Chap. XII, 
The Structure of Matter ; Hoef er, " Histoire de la Physique et de la 
Chimie"; Draper's "History of Intellectual Development." 



♦ This yard is aboat t^ of an Inch longer than the British standard. According 
to Act of Congress, sets of weights and measures have been dlstribnted to the gov- 
smors of the several States. The yards so fhmished are equal to that of the 
Troughton scale. We have no national standard established by law. 



II. 

MoTiojsr jiN^ Force. 



Rest is nowhar. The winds that come and go, the ocean that uneasily 
throbs along the shore, the earth that flies about the sun, the light that darts 
through space — all tell of a universal law of Nature. The solidest body 
hides within it inconceivable velocities. Even the molecules of granite and 
iron have their orbits cts do the stars^ and revolve as ceaselessly. 

No energy is ever lost. It changes its form^ but the eye of philosophy 
detects it and enables us to drive it from its hiding-place undiminished. It 
assumes Protean guises^ but is everywhere a unit. It may disappear from 
the earth ; still — 

" Somewhere yet that atom^s force 
Moves the light-poised universe" 
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MOTION AND FORCE. 

1. Motion is a change of place. All motion, as we\i as 
rest, with which we are acquainted, is relative. Ex. : When 
we ride in the cars, we judge of our motion by the objects 
around us. — A man on a steamer may be in motion with 
regard to the shore, but at rest with reference to the objects 
on the deck of the vessel. Force is that which produces or 
tends to produce or to destroy motion. Velocity is the rate 
at which a body moves. 

2. The Resistances to Motion are friction and the 
resistance of air and water. (1.) Friction is the resistance 
caused by the surface over which a body moves. It is of 
great value in common life. Without it, nails, screws, and 
strings would be useless ; engines could not draw the cars ; 
we could hold nothing in our hands ; and we should every- 
where walk as on glassy ice. (2.) The resistance which a 
body meets in passing through air or water is caused by the 
particles displaced. It increases according to the square of 
the velocity.* Thus, if in running we double our speed, we 
displace twice as much air in the same time, and give to 
each particle twice the velocity ; hence the resistance wiH 
be quadrupled. 

3. Momenttun is the quantity of motion in a body. It 
is the weight of the body multiplied by its velocity per sec- 
ond, expressed in feet. Ex. : A stone weighing 5 lbs., 
thrown with a velocity of 20 feet per second, has a momen- 
tum of 100. f 

* This is trne only at a moderate velocity, for at a high speed some of the mediam 
is carried along with the body, and the resietance increases mnch fiwter than accord- 
ing to V*. 

t A heavy body may be moving very slowly and yet have an immense momentum. 
Ex! : An iceberg, with a scarcely perceptible motion, will crash the strongest man> 
of -war as if it were an egg-thelL-'yesseli lying at a whwf grind against one another 
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4. The Comnmnication of Motion is not instanta- 
neous.* If I press with all my might against a rock weigh- 
ing a ton, I fail to move it, press I ever so long. The force 
is not sufficient to overcome the friction between the rock 
and the ground. If, however, we could conceive the rock 
poised in empty space, the least touch would at once move 

it with a velocity proportional to . If I strike one 

mass 

end of a rail a mile long, the tremor will take a definite 
time to reach the other end. If, on the other hand, a 
powerful engine suddenly pulls at one end of the rail, so as 
to draw it over a considerable distance in a second, I can 
imagine that the other end will move after an almost 
infinitely short time ; but if the engine drag the rail con- 
tinuously, both ends will have the same velocity, and the 
whole rail will move together. 

6. Three Laws of Motion. — First. A body set in mo- 
tion will move forever in a straight line, unless acted on by 
some external force. This is only another statement of the 
passiveness of matter, or the property of inertia. Obvious- 
ly, no experiment will directly prove the law. There is a 
curious illustration, however, in the swinging of a pendulum 
under the receiver of an air-pump. The more perfectly the 
air* is exhausted, the longer it will vibrate. In the best 
vacuum we can produce, it will swing for twenty-four hours. 
It is supposed that if all "resistances to motion" were 
removed, the pendulum would never stop. 

with prodigiooB force, "by the slow moyement of the tide.— Soldiers have thought to 
stop a spent cannon-hall by putting a foot against it, bnt have found its momentum 
snfflcient to break a leg. 

On the other hand, a light hody moving with a high velocity may have an enor- 
mous momentum. Ex. : The air in a hurricane will tear up trees hy the roots and 
level buildings to the ground.— Sand driven from a tube hy steam is used for drilling 
and in stone-cutting, engraving, etc. 

* A stone thrown against a pane of glass shatters it ; hut a hullet fired through it 
will make only a round hole. The bullet is gone before the motion has time to pass 
into the surrounding particles.- A fraction of time is required for a hall to receive 
the force of exploding powder and to get under ftill headway. An instrument is used 
to determine the acceleration of speed before leaving the gun. 
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To this law are to be referred many ordinary illustrations 
of the so-called "inertia of matter/^ Thus, when we en- 
deavor to stop a moving body, as a wagon, we must over- 
come its momentum. The danger in jumping from a car in 
rapid motion lies in the fact that the body has the speed of 
the train, while the forward motion of the feet is checked 
by the contact with the ground.* 

Second Law. — A force acting upon a body in motion or at 
rest, produces the same effect whether it acts alone or with 
other forces. Ex. : All bodies upon the earth are in constant 
motion with it, yet we act with the same ease that we should 
were the earth at rest.! — We throw a stone directly at an 
object and hit it, yet, within the 
, second, the mark has gone for- ^®* *• 

ward many feet. J — If a cannon- 
ball be thrown horizontally, it will 
fall as fast and strike the earth as 
soon as if dropped to the ground 
from the muzzle of the gun. In 
Fig. 6, D is an arm driven by a 
wooden spring, E, and turning on a hinge at C. At D is a 
hollow containing a bullet, so placed that when the arm is 
sprung, the ball will be thrown in the line FK. At P is a 

• 

* Some Jamp as nearly as poBsible In the direction in which the train le moving, 
and are ready to ran the instant their feet tonch the gronnd. Then with all their 
strength they gradually overcome the inertia of the body, and after a few rods can 
turn as they please. Others Jump backward from the train with snfficieut force to 
overcome their forward motion, and so drop directly downward. 

t A ban thrown ap into the air with a force that wonid cause it to rise 60 feet, will 
ascend to that height whatever horizontal wind may be blowing.— While riding on a 
car, we throw a stone at somd object at rest. The stone, having the motion of the 
train, strikes Jnst as Skr ahead of the object as it would have gone had it remained on 
the train. In order to hit the mark, we should have aimed a little back of it.— The 
circus-rider wishes, while his horse is at ftiU speed, to jump through a hoop suspend- 
ed before him. He simply springs directly upward. Ooing forward by the momen- 
tum which he had acquired before he leaped from the horse, he passes through the 
hoop and alights upon the saddle again. — A person riding in a coach drops a cent to 
the floor. It apparently strikes where it would if the coach were at rest. 

t The earth moves in its orbit around the sun at the rate of about 18 miles per 
second. See Fourteen Weeks in Astronomy ^ p. 106. 
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similar ball^ supported by a thin slat^ G, and so arranged 
that the same blow which throws the ball D, will let the ball 
F fall in the line FH. The two balls will strike the floor at 
the same instant. 

Third Law. — Action is equal to reaction^ and in the con- 
trary direction. Ex. : A bird in flying beats the air down- 
ward, but the air reacts and supports the bird. — The powder 
in a gun explodes with equal force in every direction, driving 
the gun backward and the ball forward, with the same 
momentum. Their velocities vary with their weights ; the 
heavier the gun, the less will the recoil be noticed. — ^When 
we spring from a boat, unless we are cautious, the reaction 
will drive it from the shore. — ^When we jump from the 
ground, we push the earth from us, while it reacts and 
pushes us from it ; we separate from each other with equal 
momentum, and our velocity is as much greater than that of 
the earth as we are lighter. — ^We walk by reason of the 

reaction of the ground on which we tread* 
Fig. 7. Thus at cvcry step we move the earth. 

The apparatus shown in Fig. 7 consists of 
ivory balls hung so as readily to vibrate.* If 
a ball be let fall from one side, it will strike 
the second ball, which will react with an equal 
.force, and stop the motion of the first, but transmit the 
motion to the third ; this will act in the same manner, and 
BO on through the series, each acting and reacting until the 
last ball is reached; this will react and then bound off, 
rising as high as the first ball fell (except the loss caused by 
resistances to motion). If two balls be raised, two will fly 
off at the opposite end ; if two be let fall from one side and 
one from the other, they will respond alternately. 

6. CompoTind Motion. — ^Let a ball at A (Fig. 8) be 
acted on by a force which would drive it in a given time to 

• Tbe same experiments can be performed by means of glaes marbles or billiard 
balls placed in a grooye. Better still, attach strings to glass marbles by means ol 
mucilage and bits of paper and sospend them from a simple wooden frame. 
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B, and also at the same instant by ^^^ 

another which wonld drive it to D in 

the same time ; the ball will moye in 

the direction AG. Ex. : A person 

wishes to row a boat across a swift cnr- 

rent which wonld carry him down stream. He therefore 

steers toward a point abore that which he wishes to reach, 

and so goes directly across. — ^A bird, beating the air with 

both its wings, flies in a direction different from that which 

wonld be given by either 

one. 
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?• Composition of 
Forces. — ^When a body 
is thns acted on by 
two forces, we d^w 
lines representing their 
directions, and mark 
off AD and AB, whose 
lengths represent their 
comparative mag- 
nitudes. We next com- 
plete the parallelogram 
and draw the diagonal 
AC, which denotes the resultant of these forces, and gives 
the direction in which the body will move. If more than 
two forces act, we find the resultant of two, then of that 
resultant and a third force^ and 
so on. 

8. Resolution of Forces con- 
sists in finding what two forces are 
equivalent to a given force. A par- 
allelogram is drawn having the given 
force as a diagonal. Ex. : There is 
a wind blowing from the west against 
GH (Pig. 10), the sail of a vessel 
going north. We can resolve the 
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wind-force BD into the two forces BE and BC. The former, 

blowing parallel to the sail, is of no use ; 
the latter is perpendicular to it, and drives 
the vessel northeast. Again, resolving BD 
in Fig. 11, which represents the vertical 
force BC in Fig. 10, we find that it is 
equivalent to two forces BE and BC. The 
former pushes the vessel sideways, but is 
mainly counteracted by the shape of the 
keel and the action of the rudder. The 
latter is parallel to the course of the ship, 
and hurries it north. 
By shifting the rigging, one vessel will sail into harbor 
while another is sail- 
ing out, both driven 
by the same wind,* 
Figs. 12 and 13 show 
how, by twice resolv- 
ing the force of the 
wind from the W., as 
in the last figures, 
when the sail GH is 
placed in the new po- 
sition, we have (Fig. 
13) a force BC, which drives the vessel S.t If a vessel 

* The toy shown in Fig. 14, and easily made by any 
pnpil, proves how a change In the position of the sails 
will produce a contrary effect. Carry this wind-mill 
forward, and the two sets of feather -vanes wiU revolve 
swiftly in opposite directions. 

t In a similar manner we may resolve the three forces 
which act npon a kite— viz., the pull of the string, the 
force of the wind, and its own weight. In Fig. 12, let 
QH represent the fece of the kite. We can resolve BD, 
the force of the wind, into BC and BE. We next resolve 
BD, in Fig. 13, which corresponds to BC in Fig. 12, into 
BE and BC We then have a force, BC, which overcomes 
the weigiit of the kite and also tends to lift it npward. 
The string pulls in the direction BD, perpendicularly to 
the face. The kite obeys neither one of these forces, but 
both, ana so ascends in a direction QD, between tlie two. 
It is really drawn up an inclined plane by the Joint force of the wind and the string. 
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were to be sailed due W. against the wind, it would tack 
alternately NW. and SW. In this way it could go almost in 
the "teeth of the wind/^ 

A canal-boat drawn by horses is acted upon by a force 
which tends to bring it to the bank. This force may be 
resolved into two. one pulling toward the tow-path, and the 
other directly ahead. The former is counteracted by the 
shape of the boat and the action of the rudder ; the latter 
draws the boat forward. 

9. Motion in a Curve. — ^Whenever two or more in- 
stantaneous forces act upon a body, the path is a straight 
line. When one is instantaneous and the other continuous, 
it is a curved line. Ex. : When a body is thrown into the 
•air, except in a vertical line (p. 64), it is acted upon by the 
instantaneous force of projection and the continuous force 
of gravity, and so describes a line which curves toward the 
earth. 

10. Circiilar Motion is produced when a moving body 
is drawn toward a centre by a constant force. Thus, when 
a sling is whirled, the stone is pulled toward the hand by 
the string, and as, according to the third law of motion, 
every action has its equal and opposite reaction, the hand is 
pulled toward the stone. If the string break, the stone will 
continue to move, according to the first law of motion, in 
a straight line in the direction of a tangent to the circle at 
that point. The tension of the string, acting inward, is 
called the Centripetal {centrum, the centre, petere, to seek) 
force ; and the reaction of the stone upon the string, acting 
outward, is termed the Centrifugal {centrum, the centre, 
f tiger e, to flee) force.* 

* It Bbonld be noticed that in circnlar motion there is bnt one tnie force concerned. 
\ It acts, however, npon a body in motion. The so-called centriftigal force has nothing 

to do with the production of the motion, being merely the resistance which the body 
offers by its inertia to the operation of the centripetal force, and ceases the instant 
that force is discontinned. It does not act at right angles to the centripetal force, as 
is often stated, bnt in direct opposition. A body never flies off A*om the centre im- 
pelled by the centriftigal force, since that can never exceed the centripetal (action = 
reaction), and moreover the path of snch a body is in the direction of a tangent, and 
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The following examples are among those usually given 
to illustrate the action of the centre-fleeing force : Water 
flies from a grindstone on account of the centrifugal 
force produced in the rapid revolution, which overcomes 
the adhesion. — In factories, grindstones are sometimes re- 
volved with such velocity that this force overcomes that 
of cohesion, and the ponderous stones fly into fragments. — 
A pail full of water may be whirled around so rapidly that 
none will spill out, because the centrifugal force overcomes 
that of gravity, — When a horse is running around a small 
circle, he bends inward to overcome the centrifugal force. 

The heavenly 
bodies present the 
-o~~ grandest example 
of circular motion. 
We may suppose the 
earth to have been 
moving originally 
in the direction AC. 
The attraction of 
the sun, however, 
drawing it in the 
direction BS, it passes along the line BD. If the centripe- 
tal force were suddenly to cease, the earth would fly off 
into space along a tangent, as BC. The rapid revolution of 
the earth on its axis tends to throw off all bodies headlong. 
As this acts in opposition to gravity, it diminishes the weight 

not the radins of a circle. Thns, when water is thrown off a grindstone in rapid 
rotation, the tendency of the water to continue to move on in the direction of the 
straight line in which it is going at each instant (in other words, the inertia of the 
water) overcomes its adhesion to the stone, and it flies off in obedience to the first 
law of motion. So, also, when a grindstone driven at a high speed, breaks, and the 
fhigments are thrown with great velocity, we are not to suppose that the centrifhgal 
force impels them through the air. That force existed only while the stone was 
entire. It was opposed to the force of cohesion, and in the moment of its triumph 
ceased, and the fhigments of the stone fly off in virtue of the velocity tbey possess 
at that instant. Again, the so-called centrifhgal force is not a real force urging bodies 
upward at the equator. The earth's sur&ce is merely foiling awayA*om a tangent, 
and a part of the force of gravity is spent in overcoming the inertia of bodies. The 
term centriftigal force has caused much confhsion, and wUl doubtless soon be dis- 
carded. 
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Fig. 16. 




Fig. 17. 



of bodies at the equator^ where it is greatest, j^. It also 
tends to drive the water on the earth 
from the poles toward the equator. 
Were the velocity of the earth's ro- 
tation to diminish, the water would 
run back toward the poles, and tend 
to restore the earth to a spherical 
form. This influence is well illus- 
trated by the apparatus shown in 
Fig. 16. The hoop is made to slide 
upon its axis, and if revolved rapidly 
it will assume an oval form, bulging 
out more and more as the velocity is 
increased.* 

11. The Gyroscope beauti- 
fully illustrates the principle of the 
composition of forces in rotary 
motion. In Pig. 17 a wheel re- 
volves within a ring which is sus- 
tained at one end by an upright 
support. If the wheel is made to 
revolve swiftly by unwinding a 
string, and then placed on the sup- 
port, instead of falling, as one 
would suppose, the whole begins 
to revolve rapidly around the point of support, in a resultant 
between the force of gravity and the rotary motion of the 
wheel. If we attempt to raise or lower the ring, it will sen- 
sibly oppose the change and persist in its 
plane of rotation. 

12. Reflected Motion is produced by 
the reaction of a surface against which an 
elastic body is cast. If a ball be thrown 




Fig. 18. 




* This apparatus is aooompanied by objects to illustrate the priDciple that all 
bodies tend to revolTe aboat their shortest diameterSf an assurance that the earth 
will never change its axis of rotation wliile it retains its present form. *' Tie to 
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in the direction OB against the surface AC, it will rebound in 
the line BR The angle OBP, that of incidence, = the 
angle PBE, that of reflection, 

13. Energy is the power of doing work, i. e., of over- 
coming any kind of resistance. It is in general something 
put into a body by means of work, and which comes out of 
it when it does work. Ex. : A wound-up clock, a red-hot 
iron. The difference between energy and momentum is 
evident. When a bullet is fired from a rifle, the momenta 
of both are equal, but the energy of the former, i, e., its 
power of doing work, as piercing a board, is far greater. 
Energy is proportional to the square of the velocity. Thus, 
a cannon-ball given double speed will penetrate four times 
as far into a wall ; and a stone thrown upward at the rate of 
96 febt per second will rise 9 times as far as with a velocity 
of 32 feet (p. 55). 

14. Two Forms of Energy. — Energy may be either 
active or latent. When a rock is tumbling down a moun- 
tain-side, it exhibits the force of gravity in full sway ; but 
when the rock was lodged on the mountain-top, it possessed 
the same energy, which could be developed at any moment 
by loosening it from its place. These two forms are known 



the middle of a lead pencil a piece of string abont three feet long. Snepend bo 
that the pencil will balance itself. Now twist the end of the string between the 
thnmb and the first finger of the right hand, steadying and holding the string with 
the left band. A circular motion will thns be commnnicated to the pencil, and it 
will revolve aronnd the point on which it is suspended. Tie a piece of white string 
around the middle of the pencil, or its centre of gravity, simply to show the position 
of that point. Now tie the first piece of string half-way between the end of the 
pencil and the centre of gravity, and communicate the circular motion described 
above, and we shall observe that the pencil will still revolve aronnd the centre of 
gravity, the point marked by the white string being at rest. It can thns be shown 
that anything, of whatever shape, will tend to' revolve on its shortest diameter. If 
the end links of a small steel chain (such as is often attached to purses or parasols) 
be hooked together, the string tied to a link, and the circular motion given, it will 
be observed that the chain begins to take an elliptical form, which gradually 
approaches that of a circle, until at last it becomes a circle, when it revolves 
horizontally. This shows that even a ring is subject to the same law— that is, 
revolves on its shortest axis.^* 
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as energy of motion and energy of position, or actual and 
potential (possible) energy.* 

16. Conservation of Energy. — One kind of energy is 
changed into another without loss. The sum of all the 
energies in the universe remains the same. A hammer falls 
by the force of gravity and comes to rest. Its potential 
energy changes to kinetic and then disappears. Its motion 
as a mass is converted into one of atoms, and reveals itself 
to our touch as heat (p. 184). f 

PRACTICAL QUESTIONS.—!. Can a rifle-ball be fired throngh a handkerchief 
suspended loosely from one comer ? 2. A dfle-ball thrown against a board standing 
edgewise, will knock it down ; the same bollet fired at the board will pass through 
it without disturbing its position. Why is this ? a Why can a boy skate safely 
over a piece of thin ice, when, if he should pause, it would break under him directly. 
4. Why can a cannon-ball 1:3 fired through a door standing ajar, without moving it 
on its hinges f 5. Why jan we drive on the head of a hammer by simply striking the 
end of the handle? 6. Suppose yon were on a train of cars moving at the rate of SO 
miles per hour; with what velocity would you be thrown forward if the train were 

n — ^ 

* Actual energy is also styled dynamic or kinetic energy, and potential is termed 
static energy. In mechanics, kinetic energy is called vis viva (= imv'), or striking 
force. We wind a watch, and by a few moments of labor condense in the spring a 
potential energy, which is doled out for ^ hours in the dynamic energy of the wheels 
and hands. Draw a violin bow, and the potential energy of the arm it) stored up in 
the stretched cord. Lift a pendulum, and you thereby give the weight potential 
energy. Let it fkll, and the potential changes gradually to dynamic. At the centre 
of the arc the potential is gone and kinetic is possessed. Then the kinetic changes 
again to potential, T.'hich increases till the end of the arc is reached and the pen- 
dulum ceases to rise, when the energy is that of po!<ition, not of motion. Potential 
energy is one that is concealed, lying in wait and ready to burst forth on the instant. 
It is a loaded gun prepared for the arm of the marksman. It is a river trembling on 
the brink of a precipice, about to take the fearful leap. It is a weight wound up and 
held against the tug of gravity. It is the engine on the track with the steam hissing 
ftom every crevice. It is the drop of water with a thunderbolt hidden within its 
crystal walls. On the contrary, dynamic energy is in Itill view, in actual operation. 
The bullet is speeding to the mark ; the river is tumbling; the weight is falling; the 
engine is flying over the rails ; and the bolt is flashing across the sky. It is heat 
radiating fh)m our fires ; electricity fiashing our messages over the continent ; rnd 
gravity drawing bodies headlong to the earth. 

t No energy in nature can be wasted. It must accomplish something. " A blow 
with a hammer moves the earth. A boy could in time draw the laigest ship across 
the harbor in calm weather." 

** Water flailing day by day 
Wears the hardest rock away.** 

Statues are worn smooth by the constant kissing of enthusiastic worshippers. 
Stone steps are hoDowed by the friction of many fi>et. The ocean is filled by small 
drops which ikll from the clouds. We may notice none of these forces singly, but 
their efl^ects in the aggregate startle us; 
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stopped taMMKIy f 7. In whftt line does a stone flOl from fhe maethead of a Teasel In 
motioAf 8. If a ball be dropped from a high tower, it will strike the ground a little 
ea«t'0f a vertical line. Why is this f 9. It is stated that a suit was once brought by 
Ifctf driver of a light wagon against the owner of a coach for damages caused by a col- 
flsion. The complaint was " the latter was driving so &st that when the two carriages 
stnick, the driver of the former was thrown forward over the dashboard.^^ On trial he 
was nonsuited, because his own evidence showed him to be the one who was driving 
at the unusual speed. Explain. 10. Suppose a train moving at the rate of dO miles 
per hour ; on the rear platform is a cannon aimed parallel to the track and in a direc- 
tion precisely opposite to the motion of the car. Let a ball be discharged with the 
exact speed of the train ; where would it fiillT 11. Suppose a steamer in rapid mo- 
tion, and on its deck a man Jumping. Can he jump fhrther by leaping the way the 
boat is moving than in the opposite direction f 13. On which bank of a river running 
south will the floating dUnis be most likely to accumulate f 18. If a stone be dropped 
from the masthead of a vessel in motion, wiU it strike the same spot on the deck 
that it would if the vessel were at rest 7 14. Could a party play ball on the deck of 
the Great Eastern when steaming along at the rate of 90 miles per hour, without 
making allowance for the motion of the ship f 15. Since action is equal to reaction, 
why is it not so dangerous to receive the ** kidi" of a gun as the force of the bullet? 
16. If you were to Jump tram a carriage in rapid motion, would you leap directly 
toward the spot on which you wished to alight 7 17. If you wished to shoot a bird 
in swift flight, would yon aim directly at it? 1& At what parts of the earth is the 
centrifugal force least 7 19. What causes the mud to fly from the wheels of a carriage 
in rapid motion? 90. What proof have we that the earth was once a softniass? 
SI. On a curve in a railroad, one track is always higher than the other. Why is this 7 
93. What is the principle of the sling 7 98. The mouth of the Mississippi River is 
about 21 miles forther frt>m the centre of the earth than ite source. In this sense it 
may be said to ** nm up hill.'^ What causes this apparent opposition to the attrac- 
tion of gravity ? 94. Is it action or reaction that breaks an egg, when I strike it 
against the table 7 96. Was the man philosophical who said that it *^ was not the 
foiling so for, but the stopping so quick, that hurt him 7" 98. If one person runs 
against another, which receives the greater blow 7 97. Would it vary the efTect if the 
two persons were running in opposite directions 7 In the same direction 7 98. Why 
can you not fire a rifle-ball around a hill 7 99. Why is it that a heavy rifle " kicks '* 
less than a light shot-gun 7 80. A man on the deck of a large vessel draws a small 
boat toward him. How much does the ship move to meet the boat 7 31. Suppose a 
string, fostened at one end, will Just support a weight of 96 lbs. at the other. Unfas- 
ten it, and let two persons pull upon it in opposite directions. How much can each 
pull without breaking it 7 89. Can a man standing on a platform-scale make himself 
lighter by lifting up on himself 7 88. Why cannot a man lift himself by pulling up 
on his boot-straps 7 34. If, fi*om a gun placed vertically, a ball were fired into per- 
fectly still air, where would it foil 7 35. With what momentum would a steamboat 
weighing 1,000 tons, and moving with a velocity of 10 feet per second, strike against 
a sunken rock? 86. With what momentum would a train of cars weighing 100 tons, 
and running 10 miles per hour, strike against an obstacle 7 87. What would be the 
comparative striking force of two hammers, one driven with a velocity of 90 feet per 
second and the other 10 feet 7 88. If a 100 horse-power engine can propel a steamer 
6 miles per hour, will one of 900 horse-power double its speed 7 89. Why is a bullet 
flattened if flred obliquely against the surface of water 7 40. Why are ships becahned 
at tea often floated by strong currents into dangerous localities without the knowl- 
edge of the crew 7 41. A man in a wagon holds a 60-lb. weight in his hand. Suddenly 
the wagcn fklls over a precipice. Will he, while dropping, bear the strain of the 
weight? 49. Why are we not sensible of the rapid motion of the earth? 48. A 
feather is dropped from a balloon which is immersed in and swept along by a swift 
cmTent of air. Will the feather be blown away or will It appear to drop directly 
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down 7 44. Suppose a bomb-diell, flying throng^ fhe air at the rate of fiOO Hwt per 
second, explodes into two parts of eqnal weight, driving one-half forward in the same 
direction as before, bat with double its former velocity. What would become of the 
other half? 45. Which would have the greater penetrating power, a small cannon- 
ball with a high velocity, or a large one with a low velocity? 46. There \b a stoiy 
told of a man who erected a huge pair of bellows in the stem of his pleasure-boat, 
that he mi^^t always have a £Etir wind. On trial, the plan fiiUed. In which direction 
should he have turned the bellows ? 47. If a man and a boy were riding in a wagon, 
and, on coming to the foot of a hill, the man should take up the boy in his arms, 
would that help the horse ? 48. Why does a bird, as it begins to fly, always, if possi- 
ble^tgim toward the wind 7 49. If we whirl a pail of water swiftly around with our 
hands, why will the water tend to leave the centre of the pail 7 60. Why will the foam 
collect at the hollow in the centre 7 51. If two cannon-balls, one weighing 8 lbs. and 
the other 2 lbs., be flred with the same velocity, which will go the ihrther 7 63. Re- 
solve the force of the wind which turns a common wind-mil], and show how one part 
acts to push the wheel against its support, and one to turn it around. 68. Why is a 
gun firing blank cartridges more quickly heated than one firing balls 7 54. When an 
animal is Jumping or failing, can any exertion made in mid-air change the motion of 
its centre of gi ivity 7 66. If one is riding rapidly, in which direction will he be thrown 
when the horse is suddenly stopped 7 68. When standing In a boat, why, as it starts, 
are we thrown backward 7 69. When carrying a cup of tea, if we move or stop 
quickly, why is the liquid liable to spill? 58. Why, when closely pursued, can we 
escape by dodging 7 69. Why is a carriage or sleigh, when sharply turning a comer, 
liable to tip over 7 60. Why, if you place a card on your finger and on top of it a 
cent, can you snap the card from under the cent, which will then drop on your finger? 
61. Why is a ** ranning jump'^ longer than a " standing jump" 7 62. Why, after the 
sails of a vessel are ftirled, does it still continue to move? and why, after the sails are 
spt^ead, does it require some time to get it under fhll headway 7 68. Why can a tal- 
low candle be fired through a board 7 
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Matter, so far as we know it, is in constant change. This change 
of place is termed motion. Terrestrial motion is restricted by friction, 
by the air, and by water. Friction is caused by the roughness of the 
surface over which a body moves. It may be decreased by the use of 
grease to fill up the minute projections, or by changing the sliding 
into rolling friction. Air and water must be displaced by a moving 
body, and the resistance they oflfer is increased, in general, according 
to the square of its velocity. Motion is governed by three laws ; viz.: 
A moving body left to itself tends to go forever in a straight line ; a 
force has the same effect whether it acts alone or with other forces, and 
upon a body at rest or in motion ; and action is equal and oppoeed to 
reaction. By means of the principles of the composition and resolu- 
tion of forces, we can find the in^vidual effect of a single force or the 
combined effect of several forces. Motion produced by two or more 
instantaneous forces is in a straight line ; when one is continuous. 
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the resTilt is a carved line ; and whan the continaoos force, directed 
toward a fixed point, acts upon a moving bodj, a circle is then 
described. A croquet ball struck by two, mallets at the same moment, 
illustrates the first kind of motion ; the path of a bullet or^ rocket in 
the air exhibits the second ; and the movement of a stone whirled in a 
sling is an example of the third. When a rubber ball bounds back 
from a surface against which it is thrown, the angle of reflection equals 
the angle of incidence. 

Energy, or the power of doing work, is a general term emplo7«4 ^ 
unify all the forces of nature. Out of it grows the grand law of the 
Conservation of Energy, which teaches that the different forces are 
only different forms of one all-pervading energy, and that they are 
mutually interchangeable, and indestructible as matter itself. 



HISTORICAL SKETCH. 

Aristotle taught that all motion is naturally circular, and this view 
was held by his scuool. He divided the phenomena of motion into two 
classes — the natural and the violent. As an instance of the former, he 
gave the falling of a stone, which constantly increases in velocity ; and 
of the latter, a stone thrown vertically up, which being against nature, 
continually goes slower. Newton, in his "Principia" published in 
1687, propounded the laws of motion as now received. Other philoso- 
phers, notably Galileo, Hooke, and Huygens, had anticipated much 
of his reasoning, yet so slowly were his opinions accepted that " at hi^ 
death," says Voltaire, **he had not more than twenty followers outside 
of England." 

The law cf the Conservation of Energy, Faraday, the great Eng 
Ijsh physicist, pronounced "the grandest ever presented for the con- 
templation of the human mind." It has been established within the 
present century ; yet we now know that former scholars had inklings 
of the wonderful truth. It arose in connection with discoveries on the 
subject of Heat, and its history will be treated of hereafter. 

Consult Stewart's "Conservation of Energy"; Youmans's "Cor- 
relation of the Physical Forces"; Faraday's " Lectures on the Phys- 
ical Forces"; Everett's "Deschanel's Natural Philosophy"; Tait's 
"Recent Advances in Physical Science"; Maxwell's "Matter and 
Motion " ; " Appleton's Cyclopaedia," Art. Correlation of Forces, 
Gyroscope, etc.; Tyndall's "Crystalline and Molecular Forces," in 
Manchester Science Lectures, '7S-4 ; Crane's " Ball Paradox," in Pop- 
ular Science Monthly, Vol. X, p. 725. 
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J^ TTRA. CTIOJSr. 



"The smallest dust which floats upon the wind 
Bears this strong impress of the Eternal mind : 
In mystery round it subtle forces roll^ 
And gravitation binds and guides the whole" 

" Attraction^ as gravitation^ is the muscle and tendon of the universe^ by 
which its mass is held together and its huge limbs are ivielded. As cohesion 
and adhesion^ it determines the multitude of physical features of its different 
parts. As chemical or interatomic action^ it is the final source to which 
we trace all material changes^ — Arnott. 
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^ 1. Definition of Cohesion. 
2. Three States of Matter. 
8. Cohesion acts at Insensible Distances. 

4. Liquids tend to form Spheres. 

5. Solids tend to form Crystals. 

6. Annealing and Tempering. 
^ 7. Rupert's Drop. 

1. Definition and Illustration of Adhesion. 

[ (1.) Intoater. 

2. Capillary Attraction, -j (2.) In mercury. 



2. Adhbsion. •< 



8. Solution. 

4. Diffusion of Liquids. 

5. Diffusion of Gases. 

6. Osmose of Liquids. 
^ 7. Osmose of Gases. 

r 1. Law of Gravitation. 

2. Illustrations of Gravity. 

3. Three Laws of Weight. 



(3.) lUustrationa. 



4. Falling 
Bodies. 



5. Centre of 
Gravity. 



6. The Pen- 
dulum. 
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(2.) Eqvations of faUing^ 

bodies, 
(3.) To find depth of weU. 
(4.) Bodies throton upward, 

' (1.) Three states of equUib- 
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(2.) Tofind centre of gravity. 

(3.) General principles. 
^ (4) Physiological facts. 

( (1.) Three lam. 

(2.) Centre of oscillation. 

(3.) Tofind centre of osciUor 
turn. 

(4.) As time-keeper. 
^ (5.) OtJier uses. 



I. MOLECULAR FORCES. 

Attractive and Bepellent Forces. — If we take a 
piece of iron and attempt to pull it to pieces, we find that 
there is a force which holds the molecules together and 
resists our efforts. If we try to compress the metal, we find 
that there is a force which holds the molecules apart and 
resists our efforts as before. If, however, we apply heat, the 
iron- expands and finally melts. So, also, if we heat a bit of 
ice, the attractive force is gradually overpowered, the solid 
becomes a liquid, and at last the repellent force predomi- 
nates and the liquid passes off in vapor. In turn, we can 
cool the vapor, and convert it back successively into water 
and ice. We thus see that there are two opposing forces 
which reside in the molecules — an attractive and a repellent 
force, and that the latter is heat. There are three kinds of 
the former, cohesion^ adhesion^ and chemical affinity.* 

1. COHESION. 

1. Cohesion is that force which holds together molecules 
of the same kind. 

2. Three States of Matter. — Matter occurs in three 
states — solidy liquid, and gaseous. These depend on the 
relation of the attractive and repellent forces, cohesion and 
heat. If they are nearly balanced, the body is liquid; if 
the attractive force prevail, it is solid; if the repellent, it is 
gaseous. Most substances may be made to take the three 
states successively. Thus, by the addition of heat, ice may 
be converted into water, and thence into vapor; or vice 

* Chemical aiBnity prodncee chemical cbangee, and its coxiBideratioxi belongs to 
Chemistiy. It binds together atoms of different kinds, and produces a compound 
unlike the original elements. 
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verstty by the subtraction of heat. Most solids pass easily to 
the liquid form, others go directly from the solid to the 
gaseous state. 

3. Cohesion Acts at Insensible Distances. — Take 
twG bullets, and haying flattened and cleaned one side of 
each, press them together with a twisting motion. They 
will cohere when the molecules are crowded into apparent 
contact.* — If two globules of mercury be brought near each 
other, at the instant they seem to touch they will suddenly 
coalesce. — Two freshly-cut surfaces of rubber, when warmed 
and pressed together, will cohere as if they formed one piece. 
— The process of welding illustrates this principle. A 
wrought-iron tool being broken, we wish to mend it. So 
we bring the iron to a white heat at the ends which we in- 
tend to unite. This partly overcomes the attraction of 
cohesion, and the molecules will move easily upon one 
another. Laying now the two heated ends upon each other, 
we pound them until the molecules are brought uear enough 
for cohesion to grasp them. 

4. Liquids Tend to Form Spheres. — Mix a glass of 
water and alcohol in such proportion that a drop of sweet- 
oil will fall half-way to the bottom. It will there form a 
perfect sphere. The same tendency is seen in dew-drops, 
rain-drops, globules of quicksilver, and in the manufacture 
of shot. {Ghetnistry, p. 174.) The reason is that the force 
of cohesion acts toward the centre of the drop. In a spher- 
ical body, every portion of the surface is equally distant 
from the centre; and when that form is assumed, every 
molecule on the outside is equally attracted, and an equi- 
librium is established. 

5. Solids Tend to Form Crystals. — When a liquid 
becomes a solid, the general tendency is to assume a sym- 

* Surfeces may appear to the eye to be in contact when they are not actually bo. 
Newton foand. daring Bome ezperimentB on light (p. 168). that a convex lenB or a 
watch-glass laid on a flat glaBS does not tonch it, and oannot bQ 10949 to do so, even 
by a forcQ of many ponncU, 
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metrical form. The attraction of cohesion striyes to arrange 
the molecules in an orderly manner. Each kind of matter 
has its peculiar shape and angle, by which its crystals may 
be recognized.* When different substances are contained in 
the same solution, they separate on crystallization, and each 
molecule goes to its own. The exquisite beauty of these 
crystalline forms is seen in snowflakes and the frostwork 
traced on a cold morning upon the windows or the stone- 
flagging. A beam of light passed through a block of ice 
reveals these crystals as a mass of star-like flowers (Fig. 19).f 

FiCK 19. 




Melted iron rapidly cooled in a mould has not time to 
arrange its crystals. If, however, the iron be afterward 
violently jarred, as when used for cannon, rail-cars, etc., the 



* Epsom Bait crystallizes in four-sided prisms, common salt in cubes, and alum in 
octahedra. We can illustrate the formation of the last by adding alum to hot water 
until no more will dissolve. Then suspend strings across the dish and set it away to 
cool. BeautiAil octahedral crystals will collect on the threads and sides of the vessel. 
The slower the process, the larger the crystals.— God delights in order as in beauty. 
Down in the dark recesses of the earth He has foshioned, by the slow processes of 
His laws, the rarest gems— amethysts, rubies, and diamonds. There are mountain 
masses transparent as glass, caves hung with stalactites, and crevices rich with gold 
and silver, and lined with quartz. 

t It is noticeable that, as the crystals melt, at the centre of each liquid flower is a 
vacuum, showing that there is not enough water formed to fill the space occupied by 
the crystal, and that the solid contracts as it passes into a fluid (p. S02). This ex- 
periment is easily tried. The ice must be cut parallel to the plane of its freezing and 
be not over half an inch thick. A common oil-lamp will Ihmish the liglit 
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molecules take on the crystalline form and the metal becomes 
brittle. ♦ 

6. Annealing and Tenix>ering. — If a piece of wronght- 
iron be heated and then plunged into water, it becomes 
hard and brittle. If, on the contrary, it be heated and 
cooled slowly, it is made tough and flexible. Strangely 
enough, the same process which hardens iron softens copper. 
Steel is tempered by heating white-hot, then cooling quickly, 
and afterward re-heating and cooling slowly. The higher 
the temperature of the second heating, the softer the steel. 
{Chemistry^ p. 152.) 

7. The Rupert's Drop is a tear of melted glass dropped 

into water, and cooled quickly. As there is 
^^ ^ not time for the particles to assume their 

Q natural position, they exert a violent strain 
upon one another ; and if the tail of the drop 
be nipped off, the tension will cause the mass 
to fly into powder with a sharp explosion. All 
glassware, when first made, is brittle, but it is 
annealed by being drawn slowly through a long 
oven, highly heated at one end, but quite cool 
at the other. During this passage, the molecules of glass 
have time to arrange themselves in a stable position, f 

PRACTICAL QUESTIONS.—!. Why can we not weld a piece of copper to one of 
Iron ? 2. Why is a bar of iron stronger than one of wood ? 8. Why is a ^iece of iron, 
when perfectly welded, stronger than before it was broken ? 4. Why do drops of dif- 
ferent liqnids vary in size ? 5. When yon drop medicine, why will the last few drops 
contained in the bottle be of a larger size than the others f 6. Why are the drops 
larger if yon drop them slowly? 7. Why is a tabe stronger than a rod of the same 
weight? 8. Why, if yon melt scraps of lead, will they form a solid mass when 
cooled ? 9. £i what liquids is the force of cohesion greatest ? 10. Name some solids 
which volatilize without melting. 11. Why can glass be welded ? 

* On examining such a piece of iron, which can easily be procured at a car or 
machine-shop, we can see in a fresh fracture the smooth, shiny face of the crystals. 

t ** The restoration of cohesion is beautilhlly seen in the gilding of china. A figure 
is drawn upon the china with a mixture of oxide of gold and an essential oil. The 
article is then heated, whereby the essential oil and tlie oxygen of the gold are 
expelled, and a red-brown pattern remains. This consists of pure gold in a finely- 
divided state, without lustre. By rubbing with a hard burnisher, the particles of gold 
cohere and reflect the rich yellow color of the polished metal** 
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2. ADHESION. 

1. Adheeion is the force which holds together molecules 
of diflferent kinds. Ex. : Two pieces of wood are fastened 
together with glue, two pieces of china with cement,* two 
bricks with mortar, two sheets of paper with mucilage, and 
two pieces of tin with solder. Syrup and coal-oil are puri- 
fied by filtering through animal char- 
coal. Bubbles can be blown from soap- 
suds, because the soap by its adhesive 
force holds together the particles of 
water. 



Fig. 21. 







FiQ. 22. 



2. Capillary Attraction {capillusy 
hair) is a variety of adhesion between 
solids and liquids. It may be seen when 
two panes of glass are placed as shown 
in Fig. 21, but is exhibited most strik- 
ingly in very fine tubes, whence the name.* 

If we insert a glass tube in water, the liquid will rise in 

it. The finer the bore of the tube, the 
higher the ascent. In this cas .^, it is evi- 
dent that the adhesion between the glass 
and the water is greater than the cohesion 
of the water. There is an attraction be- 
tween the glass and the water. 

If we insert a glass tube in mercury, the 
capillary attraction will be reversed, and 
the height of the liquid be lower than the 
general level. In this case the adhesion 
between the glass and the mercury is less 




* These tubes maj be drawn by the pnpil to any len^h and size, ftrom French- 
glass tubing, in the heat of a common alcohol-lamp.— Capillarity is explained by 
recent physicisita on the principle of ** surfece-tenrion." All parts of a liquid body 
except the snrftice, being drawn in every direction by cohesion, are mobile. The 
snrfoce, however, is drawn only downward, and is in a state of tension like the film 
of a soap-bubble. See foil explanation in Maxwell*B ThMry (tf Beat, p 980, and 
Everett's DetehansFs Ji^Uotophy, p. 130. 
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than the cohesion of the mercury. There is an apparent 

repulsion between the glass and the mercury. 
Illustsations. — The wick of a lamp or 
candle is a bundle of capillary tubes^ which 
elevate the oil or melted fat and feed the 
flame. — K the end of a towel be dipped in a 
basin of water, the whole towel will soon be 
wet by capillary action through the pores of 
the cloth. — Blotting-paper takes up ink by 
capillarity. — Water in the saucer of a flower- 
pot is elevated through the pores of the earth 
to the plant.* — Bopes absorb water by capil- 
lary action, swell, and shrink often to 
breaking, f 

3, Solution. — Sugar will dissolve in water, because the 
adhesion between the two substances is stronger than the 
cohesion of the sugar. | As heat weakens cohesion, it 




* In the eame way, water is drawn to the surface of the ground to famish vege- 
tation with the materials of growth. Even in the winter, when the surface is frozen, 
the water still finds its way upward, and freezes into ice, which in the spring pro- 
duces mud, although there may have heen little rain or snow. Stirring the ground 
causes it better to endure drought, because the size of the capillary pores is increased, 
thus preventing the water from being carried to the surface and evaporated. 

t It is 1586. The Egyptian obelisk, weighing a million pounds, is to be raised 
in the square of St. Peter^s, Rome. Poi)e Sixtus V proclaims that no one shall 
utter a word aloud until the engineer announces that all danger is passed. As 
the majestic column ascends, all eyes watch it with wonder and awe. Slowly it 
rises, inch by inch, foot by foot, until the task is almost completed, when the strain 
becomes too great. The huge ropes yield and slip. The workmen are dismayed, and 
fly wildly to escape the impending mass of stone. Suddenly a voice breaks the 
silence. "^Wet the ropesC^ rings out clear-toned as a trumpet. The crowd look. 
There, on a lugh post, standing on tiptoe, his eyes glittering with the intensity of 
excitement, is one of the eight hundred workmen, a sailor named Bresca di S. Bemo. 
His voice and appearance startle everyone; but his words inspire. He is obeyed. 
The ropes swell and bite into the stone. The column ascends again, and in a moment 
more stands securely on its pedestal. The daring sailor is not only forgiven, but 
his descendants to this day enjoy the reward of providing the palm-branches used on 
Palm Sunday at St. Peter^s. 

X This contest between adhesion and cohesion Is seen when we let fall on watdr a 
drop of oil. Adhesion tends to draw the oil to the liquid, so as to mix thorouglily, 
and cohesion to prevent this. The extent to which the drop will spread will depend 
on the relation of the two attractions, and vary for every substance. Thus each oil 
has its own Cohesion Figubb, which enables the chemist readily to detect differences 
and mixtures. Bxperiments : Dissolve a little salt in a glass of water, and touch 
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hastens solntion, so that a substance generally dissolyes 
more rapidly in hot water than in cold. In like manner^ 
pulverizing a solid aids solution. Liquids also absorb gases 
by adhesion. Thus water contains air, which renders it 
pleasant to the taste. As pressure and cold weaken the 
repellent force, they favor the adhesion between the mole- 
cules of a gas and water. Soda-water receives 
its effervescence and pungent taste from car- ^®' ^' 
bonic-acid gas, which, being absorbed under w 
great pressure, escapes in sparkling bubbles kE^ 

when the pressure is removed. Hil 

4. Diffusion of Liquids. — Let a jar be Bjl 

partly filled with water colored by blue litmus. Ill 

Then, by a funnel-tube, pour clear water con- ^^H H 
taining oil of vitriol to the bottom, beneath ^BBIm^ 
the colored water. At first, the two will be ^^B^p 
distinctly defined, but in a few days they will 
mix, as will be seen by the change of color from blue to red. 
A drop of oil of vitriol may thus be distributed through a 

quart of water. Most liquids will mingle when 
^^^•^ brought in contact.* If, however, there is no Ji-d- 

hesion between their molecules, they will not mix, 

and will separate even after having been thoroughly 

shaken together. 

5, Diffusion of G-ases.- — Hydrogen gas is only 
-^ as heavy as common air. Yet, if two bottle^i be 
arranged as in Pig. 25, the lower one filled with the 
heavy gas, and the upper with the lighter, the gases 
will soon be uniformly mixed, f 

the snrface of tho Uqnld with a pen foil of ink. The characteristic figures wi] 
quickly appear.— Dissolve in water a pinch of salt and a lamp of loaf-sngar. Tond. 
the snrface with lanar caustic. The figure of nitrate of silver will he seen. 

* A story is told of some negroes in the West Indies who supplied themselvefl 
with liquor hy inverting the neck of a bottle of water in the bung-hole of a cask of 
mm. The water sank into the barrel, while the rum rose to take its place. 

t This phenomenon is explained by the theory that the molecules of all bodies are 
ui rapid motion. As the worlds in space are clustered in mighty systems, the mem- 
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6. Osmose of Liqtiida. — When two liquids are sepa- 
rated by a tliiii poroos Bobstance, the interchange is modified 
in a cnriouB manner, according to the nature of the liqnid 
and the substance used. At the end of a glass tube (Fig. 26) 
fasten a bladder of alcohol. Fill the jar with water, and 
mark the height to which the alcohol ascends in the tabe. 

Fia.lB. 

tm.*L 



The column will soon begin to rise slowly. On examination, 
■we shall see that the alcohol is passing out through the pores 
of the bladder and mixing with the water, while the water 

ben or e>ch reTolTtcg atxmt one uiothflrb] ineoacelvabt; vail orbits, so etcb body )* 
■ mlnUtore syeum, Its molecnjea movlDit tn inconcelrablr mlnufd paths. In a gaa, 
the molecoUr velocity is euormoiu. The particles or ammouiB ga?, for eiample, 
ue flying to snd tro at the rate oT twenty tnnes per minute. " Could we, by any 
mosns." sayaProt Cooke, "torn Id ods direction theacloal motion of the molecnlea 
or what we call etiU air. It wonld become at once a wind blowing seventeen miles per 
iiilnnte. and exert a deatrncilTe power compared with which fhemoel violent tornado 
Is feeble. "—InTen a bottle orer a lighted candle, and the oxygen of Ihe enclosed elr 
being soon connamad, the flame goes o&t. ln)<lead of the bottle, use a Iboltcsp-pH per 
rone. There will be an lutercbange of gases throngh the pores of the paper and [bo 
Ught will bmn Iteelf . 
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is coming in more rapidly. In most other cases of endos- 
mose, the flow is toward the denser liquid. 

The chemist uses a method of separating substances in 
solution, termed dialysis, that is based on their unequal 
diffusibility. 

7, Oexnose of Gkises. — ^Fit a porous cup used in Grove's 
Battery (p. 234) with a cork and glass tube, as in Fig. 27. 
Fasten the tube so that it will dip beneath the water in the 
glass. Then invert over the cup a jar of hydrogen. The 
gas will pass through the pores of the earthenware and down 
the tube so rapidly, as almost instantly to bubble up through 
the water.* 

PRACTICAL QUESTIONS.— 1. Why does doth shrink when wet? S. Why do 
Bailors at a boat-race wet the sails f 8. Why is writiDg-paper sized ? 4. Why does 
paint prevent wood from shrinking? 5. What is the shape of the sarfiice of a glass- 
ftill of water ? Of mercury ? 6. Why can we not perfectly dry a towel by wringing ? 
7. Why win not water ran through a fine sieve when the wires are greased ? 8. Why 
will camphor dissolve in alcohol, and not in water ? 9. Why will mercury rise in zino 
tubes as water will in glass tubes ? 10. Why is it so difficult to lift a board out of 
water ? 11. Why will ink spilled on the edge of a book extend farther inside than if 
spilled on the side of the leaves ? IS. If you should happen to spill some ink on the 
edge of your book, ought you to press the leaves together ? 18. Why can you not 
mix water and oil Y 14. What is the object of the spout on a pitcher f Ans, The 
water would run down the side of the pitcher by the force of adhesion, but the spout 
throws it into the hands of gravitation before adhesion can catch it. IS. Why will 
water wet your band, while mercury will not ? 16. Why is a pail or tub liable to ikll 
to pieces if not filled with water or kept in a damp place Y 17. Name instances where 
the attraction of adhesion is stronger than that of cohesion. 18. Why does the water 
in Fig. S3 stand higher inside of the tube than next the glass on the outside Y 19. Why 
will clothes-lines tighten and sometimes break during a shower? SO. Show that the 
law of the difltasion of gases aids in preserving the purity of the atmosphere. 21. In 
casting large cannon, the gun is cooled by a stream of cold water. Why Y 28. Why 
does paint adhere to wood Y Chalk to the blackboard Y 28. Why does a towel diy 
one^s fiice after washing Y 84. Why will a greased needle float on water Y 85. Why 
is the point of a pen slit Y 86. Why is a thin layer of glue stronger than a thick one Y 

* Boee baUoons lose their buoyancy, because the hydrogen escapes through the 
pores of the rubber. If they were filled with air and placed iu a Jar of hydrogen, that 
gas would creep in so rapidly as to burst them.— The quicker flow from the thinner 
to the thicker fluid is termed endomwee^ and the opposite, slower current, exotmote. 
—In performing the experiment shown in Fig. 87, coal-gaa may be used. 



II. ATTRACTION OF GRAVITATION 

We have spoken of the attraction existing between thi 
molecules of bodies at minute distancea. "We now notice an 
attraction which acts at all distances. 

1. Law of QraTitation. — Hold a stone in the hand, 
and you feel a power constantly drawing it to the ground. 
We call this familiar phenomenon weight. It is really the 
attraction of the earth pulling the stone back to itaelf — an 
instance of a general law, one operation of an ever-actire 
force. For every particle of matter in 
*^" "■ the universe • attracts every other parti- 

cle, the force exerted between any two 
particles being directly proportional to 
the product of their masses, and inversely 
as the square of their distance apart. 

Oravitafion is the general term for 
the attraction that exists between all 
bodies in the nniverae. Gravity is the 
earth's attraction for terreBtrial bodies ; 
it tends to draw them toward the centre 
of the earth. Weight is the measure of 
the force of gravity. When we say that 
a body weighs 10 lbs., we mean that 
the earth attracts it that amount. 

3. Illustrations of Gravity. — A 
stone falls to the ground because the 

• Tbe fbtce ofsrSTltatlon resides In evetj particle of matter, and hence l[ Is Qot 
canBned ta onr own world. Sj Its action the beavenir boalea are booud to one 
anolber.'and ttms kept in their orbits. It may help us lo coucelie how the earth Is 
Bapported, IT we Imagine tbe »nn letting down a bnge cable, and ever? aiar In the 
heavens a tiny thread, to hold our globu in Its place, while It In turn sends back a 
cable 10 the snn and atbreail to every one of Iheetarp. Sovrcareboand to them aud 
they lo ns. Thus the wnride IhrooKhout space are linked lojielher by these cords of 
mutual attraction, which, InterweavlDg In every dlrecUon, make the nnlverse ■ nnlu 
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earth attracts it ; but in turn the stone attracts the earth. 
Each moves to meet the other, but the stone passes through 
as much greater distance than the earth as its mass is less. 
The mass of the earth is so great that its motion is imper- 
ceptible. — ^A plumb-line hanging near a mountain is attracted 
from the vertical. In Fig. 28, AB represents the ordinary 
position of the line, while AC indicates the attractive power 
(exaggarated) of the mountain.* 

3, Laws of Weight.— I. The weight of a iody at the 
centre of the earth is nothing y because the attraction there is 
equal in every direction. 

n. Tlie weight of a iody above the surface of the earth 
decreases as the square of the distance from the centre of the 
earth increases. \ 

m. jThe weight of a body varies on different portio7is of the 
surface of the earth. J It will be least at the equator, because 
(1), on account of the bulging form of our globe, a body is 
pushed out from the mass of the earth, and so removed from 
the centre of attraction ; and (2), the centrifugal force is 
the strongest. It will be the greatest at the poles, because 
(1), on account of the flattening of the earth, a body is 

* Maekelyne, In 1774, fonnd the attraction of Mount Schlhallion to be 12". By 
comparing this force with that of the earth, the ppecific grayitjof the mountain being 
known, the specific gravity of the earth was estimated to be 5 times tliat of water. 
Later investigations make it 6.67. 

t A body at the enrflfice of the earth (4000 miles from the centre) weighs 100 lbs. 

What would be its weight 1000 miles above the sur&ce (5000 miles tram the centre) ? 

Solution. (5000 mi.)' : (4000 mi.)' : : 100 lbs. : a; = 64 lbs. Or, its weight would 

4000' 
decrease in the ratio of =z;zrzrz = \\. Hence it would weigh \% x 100 lbs. = 64 lbs.— The 

uUUU 

weight of a body below the surlbce of the earth is commonly said to decrease directly 
as the distance from the centre decreases. Thus, 1000 miles below the surface, a 
body would lose \ its weight. In foct, however, the density of the earth increases so 
much toward the centre, that for ** ^ of the distance the force of gravity actually be- 
comes stronger than on the surfkce.^* 

X ni these statements concerning weight, a spring-balance is supposed to be em- 
ployed. With a pair of scales, the weights used would become heavier or lighter in 
the same proportion as the body to be weighed. If a spring-scale be graduated to 
indicate correctly at a medium latitude, it would show too little at the equator, and 
too much at the poles. In other words, a pound weighed by such a spring-scale at 
the equator would contain a greater mass of matter than one weighed at the poles by 
about ^ii part 
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brought nearer its maas and the centre of attraction ; and 
(2), there ia no cwitrifngal force at thoee points. 

4. Falling Bodies. — Since the attraction of the earth Is 
toward its centre, bodies falling freely move in a direct line 
toward that point. Thie line is called 
'■«■ "■ a vertical m plwnh-line.* 

(1.) Laws of Falunq Bodies. — 
L Under the infiuence of gravity alone, 
all bodies /all with equal rapidity. 
This is well illostrated bj the " guinea- 
and-feather experiment." Let a coin 
' and a feather be placed in a tube, and 
the air exhausted. Quickly inTert the 
tnbe, and the two bodies will fall in 
the same time. Let in the air again, 
and the feather will flutter down long 
after the coin has reached the bottom.f 
Hence we conclude that in a vacnnm 
all bodies descend with equal velocity, 
and that the resistance of the air is the 
cause of the variation we see between 
the falling of light and of heavy 
bodies. 

n. In the jirst second a body gains 
a velocity of Z% feet and falls IGfeet-X 
— This has been proved by careful experiments. Notice 
that 16 feet, the distance passed through the first second, is 
the mean between 0, the velocity at the beginning, and 33, 
the velocity at the close. 



t ThflHine Ikct nuy b« noticed Intliecsaeorftelieetofpiper. Wlien spread oat, 
nenlT aultan to ttw gnnuid ; bnt when railed in s eompad masa. It Wh like lead. 
UiiB cue in have not tncreased the force of attncttan, hat wa hive dlmlDlabed the 

>letaoce of the air. 
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IIL At the end of any given second^ the velocity is 16 feet 
multiplied by tioice the number of the second; and the dis- 
tance passed through during that second is 16 feet multiplied 
by twice the number of the second minus one. In other words, 
the velocities are as the corresponding even numbers, 2, 4, 

6, 8, etc., and the distances as the odd* numbers, 1, 3, 5, 

7, etc. 

The body commences the second second with a velocity of 
32 feet, and as gravity is a constant force, gains 32 feet 
during the second, making 64 feet = 4 x 16 feet. It com- 
mences the third second with a velocity of 64 feet, and gains 
32 feet^ making 03 feet = ^ x 16 feet. The mean between 
32 feet, the velocity at the beginning of the second second, 
and 64 feet, the velocity at the close, is 48 feet = 3 x 16 ft. 
The mean between 64 feet, the velocity at the beginning of 
the third second, and 96 feet, the velocity at the close, is 
80 feet = 5 X 16 feet. 

IV. In any number of seconds a body falls 16 feet multi- 
plied by the square of the number of seconds. 

We have just seen that a body falls 16 feet the first second 
and 48 feet the second. Hence in two seconds it falls 
16 feet + 48 feet = 64 feet == 2^ x 16 feet. In three sec- 
onds it falls 16 + 48 + 80 feet = 144 feet = 32 x 16 feet. 

(2.) Equations of Falling Bodies. — If we represent 
the velocity of a falling body by v, the distance in any second 
by s, the total distance by d, and the time by t, the follow- 
ing equations can be derived from the foregoing laws : 

© = 32<..(1). d=lQP..{2). fj« = 64(f..(3). « = 16(2«- 1)..(4). 

If g represent the constant force of gravity, a velocity of 
32 feet per second, we have, 

f, = ^....(5). < = |/^ (7)- ^ = 1 W- 

d = i^« . .(6). V = V^ (S)- « = iff(^t - 1). . . .(10). 

* It win aid the memory, If wo associate d In ** distance " and " odd/' and v to 
** velocity " and " even."— To find the odd nnmber corre^poudlng to any second, 
^onble the nun)ber pf the sepQnd and subtract oco. Bee Explanatory Tables, p. S73. 
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(3.) To Find the Depth of a Well. — ^Let a stone fall 
into it, and, with a watch or by the beat of the pulse, count 
the seconds that elapse before you hear it strike the bottom. 
Square the number of seconds, multiply 16 feet by the result, 
and the product is the depth.* 

(4.) When a Body is Thrown Upwabd, the same 
principles apply, it losing through gravity 32 feet in velocity 
each second. The velocity necessary to elevate it to a cer- 
tain point must be what it would acquire in falling that 
distance.! It will rise just as high in a given time as it 
would fall in the same time. If a ball be thrown vertically 
into the air, it will be as long in falling as in rising. In 
theory, it will strike the earth with the same force with 
which it was thrown ; in practice, however, it loses about ^ 
of its force in rising and an equal amount in falling, owing 
to the resistance of the air. 

5. The Centre of Gravity is that point on which, if 

supported, a body will balance itself. The 
line of direction is a vertical drawn from 
the centre of gravity ; it is the line along 
which the centre of gravity would pass, if 
the body should fall. When a body is at 
rest, the forces which act on every mole- 
cule in it are said to balance one another, 
or to be in eqtiilibrium. 

(1.) Three States of Equilibrium. — 
1st. A body is in stable equilibrium when 
the centre of gravity is below the point of 
' support, or when any movement tends to 
raise the centre of gravity. In Fig. 30, 
the image has the centre of gravity lowered 
below the point of support by means of 

* A little time is required for the soand to come to the ear, bnt this is so slight 
that it may be neglected. 

t If a body be thrown upward with a velocity of 138 feet, by applying equation (9^ 

^ = - , we find that it wiQ rise for 4 seconds. 
9 



Fig. 80. 
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lead balls. Bemove these, and it immediately falls, but witli 
them it is in stable equilib- 
rium. Any movement of the ^^- *•■ 
toy shown in Fig. 31 tends to 
i-aiae the centre of gravity, 
and it returns quickly to a 
state of rest. — A needle may 
be balanced on its point by a 
cork and two jack-l(nives 
(Fig. 32), which lower its 
centre of gravity. 

2d. A body is said to be 
in unstable equilibrium when 
the centre of gravity is above 
the point of support, or when 
auy movement tends to lower 
the centre of gravity. If we take the cork as arranged 

with the knives in Fig. 33, and invert it, 
~ " we shall have difficulty in balancing 

the needle ; and, if we succeed, it will 

readily topple off, aa the least motion 

tends to lower the centre of gravity. 
3d. A body is said to he -n indifferent 

equilibrium when the centre of gravity 

is at the point of 

support, or when ^'' ^ 

auy movement tends neither to ele- 
vate nor lower the centre of gravity. 
A ball of uniform density on a level 
surface will rest in any position, be- 
cause the centre of gravity moves in 
a line parallel to the floor. * 

(2.) The Centre op Gbavitt 
MAT BE Found either by balancing " 
the body, or by suspending it from 
two comers, successively, as in Fig. 
33. By a plumb-line obtain the 
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line of direction AE ; then hang the slate from another cor- 
ner, and mark the line of direction BD. The point 0, 
where the two lines cross, is the centre of gravity. 

(3.) Gen^eral Principles. — (a.) The centre of gravity 
tends to seek the lowest point. 

(b.) A body will not tip over while the line of direction 
falls within the base, but will as soon as it falls without.* 

(c.) In general, narrowness of base combined with height 
of centre of gravity, tends to instability ; f breadth of base 
and lowness of centre of gravity, produce stability. 

(4.) Physiological Facts. — Our feet and the space be- 
tween them form the base on which we stand. By turning 
our toes outward, we increase its breadth. When we stand 
on one foot, we bend over so as to bring the line of direction 
within this narrower base. When we walk, we incline to 
the right and the left alternately. When we carry a pail of 
water, we balance it by leaning in the opposite direction. 
When we walk up hill we lean forward, and in going down 
hill we incline backward, in unconscious obedience to the 
laws of gravity. We bend forward when we wish to rise 
from a chair, in order to bring the centre of gravity over our 
feet, our muscles not having suflBcient strength to raise our 
bodies without this aid. When we walk, we lean forward, 
so as to bring the centre of gravity as far in front as possi- 

* The Leaning Tower of Pisa, in Italy, beautiftilly illaetrates this principle (flee 
Frontispiece). It is abont 188 feet high, and its top leans 15 feet, yet the line of 
direction fiills so far within the base that it is perfectly stable, having stood for seven 
centnries. The feeling experienced by a person who for the first time looks down 
from the lower side of the top of this apparently impending stmctore is startling 
indeed. 

t This is shown by the difficulty in learning to walk npon stilts. The art of bal- 
ancing one^s self may, however, be acquired by practice, as is seen in the Landes of 
southwestern France. During a portion of the year these sandy plains are half- 
covered with water, and in the remainder are still very bad walking. The natives 
accordingly double the length of their legs by stilts. Mounted on these wooden poles, 
which are put on and off as regularly as the other parts of their dress, they appear to 
strangers as a new and extraordinary race, marching with steps of six feet in length, 
and with the speed of a trotting-horse. While watching their flocks, they support 
themselves by a third staff behind, and then w'th their rough sheep-skin cloaks and 
caps, like thatched roofs, seem to be little watch-towers, or singular lofty tripods, 
scattered over the country.— {Amott.) 
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ble. Thne, walkiiig is a proceBs of faUing. 
When we nm, we lean further forwatd, and 
so fall faster. {Pkys., p. 49.) 

6. The Pendulma conaiats of a weight 
so suspended as to swing freely. Ita move- 
ments to and fro are termed vibrations or 
oscillations. The path through which it 
passes ie called the arc The extent to which 
it goes in either direction is styled its ampli- 
tude. Yibrationa performed in equal times 
are termed i-soch'-ro-nous {isos, eqnal ; chro- 
nos, time). 

(I.) Three Laws. — I. In the same pen- 
dulum, all vibrations of small amplitude are 
isochronous. If we let one of the balls rep- 
resented in Fig. 34 swing through a short 
Wm. wt. arc, and then 



through a longer one, on 
counting the number of oscil- 
lations per minute, we shall 
find them very uniform. 

IL The times of the vibra- 
tions of different pendulums 
are proportional to the square 
roots of their respective lengths. 
Ex. : A pendulum f the length 
of another, will vibrato three 
times as fast.* Conversely, the 
lengths of difterent pendulums 
are proportional to the squarea 
of their timea of vibration. 

* A pendalam which Tlbratea MCondB 
mnat ba tour llmee u long as one which 
Tlbnites hsIf-secaudB. The Bppnrstns rep- 
rcHDled In FIgt. S4 (md 8S can be nude by 
any carpcntai or IngenloaB pDpll, and will 
serve sicellcntlyioiUoittnCstbeCtiree lam 
I3f tfae pendulum. 
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»»•*«■ IlL The time of (he vibration of the 

same pendulum will vary at different 
places, since it decreases as the equare 
root of the force of gravity increases. 
At the equator a pendulum vibrates 
most slowly, and at the poles moat rap- 
idly. The length of a seeonda-pendulum 
at New York is about SO^ij- inches. 

(8.) Ceotee op Oscillation. — The 
upper part of a pendulum tends to move 
faster than the lower part, and bo has- 
tens the speed. The lower part of a 
pendulum tends to move slower than 
the upper part, and so retards the speed. 
Between these extremes is a point which 
is neither quickened nor impeded by the 
rest, but moves in the same time that it 
would if it were a particle swinging by 
an imaginary line. This point is called 
the centre of oscillation, it lies a little 
below the centre of gravity. • In Fig. 35 
is shown an apparatus containing pen- 
dulums of different shapes, but of the 
same length. If they are started to- 
gether, they will immediately diverge, 
no two vibrating in the same time. As 
pendulums, they are not of the same 
length. 

(3.) The Cbntbe of Oscillation 
IS Found bt Trial. — Huygens dis- 
covered that the point of suspension and 
the centre of oscillation are interchange- 
able. If, therefore, a pendulum be inverted, and a point 
found at which it will vibrate in tlie same time as before, 

* Thie determines (he real length of a peDdnlnin. which la the distance from the 
point oT inpiwrt to the centre of ogclllBtlon. The ImaglDSTy pendalDm iboTe 
deicrlbed le known In Phrslce ae the Sltnpte Pendulum.— X.l Inches = 988.S mm. 
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this is the former centre of oacillatioD ; while the old point 
of BuspenBioQ becoaies the new centre of oBcillation.* 

(4.) The Pendulum as a Tihe-eeepbr. — The friction 
at the point of suspension, and the resistance of the air. 
Boon destroy the motion of the pendulum. The clock is a 
machine for keeping up the vibration of the pendulum, and 
counting its beats. In Kg, 36, R is the scape-wheel driven 
by the force of the clock-weight or spring, and mn the escape- 
ment, moved by the forked arm AB, so that 
only one cog of the wheel can pass at each *^- "T- 
double vibration of the pendulum. Thus 
the oscillations are counted by the cogs on 
■ the wheel, while the friction and the resist- 
ance of the air are overcome by the action of 
the weight or spring. f As "heat expands 
and cold contracts," a pendulum lengthens 
in summer and shortens in winter. A clock, 
therefore, tends to lose time in summer 
and g^n in winter. To regulate a clock, we 
raise or lower the pendulum-bob, L, by the 
nut V, 

The gridiron pendulum consists of brasi 
and steel rods, so connected that the brass, 
A, k, will lengthen upward, and the steel a, 
b, c, d, downward, and thus the centre of 
oscillation remain nnchanged. The inercu- 
rial pendulum contains a cup of mercury 
which expands upward while the pendulum- 
rod expands downward. 

(5.) Othbe Uses of the Pendulpm. — 
(a.) Since the time of vibration of a pendu- 

• Tbe cenlra or mclllatlai] Is the same as ths antre cf peretathn. The latter Is 
the point where we moBt stiiks a, suspended body, If we wish It lo reTolve sbont tt£ 
ulB without any strain. If «b rto uot hit a ball on the bat's centre of percaarion, oor 
hukdB " Bllng" with the jar. (Sea note, p. 980.) 
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lum indicates the force of gravity, and the force of gravity 
decreases as the square of the distance from the centre of 
the earth increases, we may thus fidd the semi-diameter of 
the earth at various places, and ascertain the figure of our 

globe, {b,) Knowing the 
force of gravity at any 
point, the velocity of a fall- 
ing body can be determined. 
(c.) The pendulum may be 
used as a standard of meas- 
ures, {d.) Foucault devised 
a method of showing the 
revolution of the earth on 
its axis, founded upon the 
fact that the pendulum vi- 
brates constantly in one 
plane.* (e.) By observing the difference in the length of a 
seconds-pendulum at the top of a mountain and at the level 
of the sea, the density of the earth may be estimated. 

PRACTICAL QUESTIONS.— 1. Wben an ajyple fbUB to the ground, how much 
does the earth rise to meet it? 2. What causes the sawdnst on a mill-pond to collect 
in lar^e masses ? 8. Will a hody weigh more in a valley than on a mountain ? 4. Will 
a pound weight fall more slowly than a two-pound weight ? 6. How deep is a well if 
it takes three seconds for a stone to ML to the bottom ? 6. Is the centre of gravity 
always within a body— as, for example, a pair of tongs ? 7. If two bodies, weighing 
respectively 2 and 4 lbs., be connected by a rod 2 feet long, where is the centre of 
gravity ? 8. In a ball of equal density throughout, where is the centre of gravity? 
9. Why does a ball roll down hill ? 10. Why is it easier to roll a round body than a 
square one ? 11. Why is it easier to tip over a load of hay than one of stone ? 
13. Why is a pyramid such a stable structure ? 13. When a hammer is thrown, on 
which end does it strike ? 14. Why does a rope-walker carry a heavy balancing-pole ? 
15. What would become of a ball if dropped into a hole bored through the centre of 
the earth ? 16. Would a clock lose or gain time if carried to the top of a mountain ? 
If carried to the North Pole ? 17. In the winter, would you raise or lower the pendu- 
lum-bob of your clock ? 18. Why is the pendulum-bob always made flat? 19. What 

* A pendulum S20 feet in length was suspended ft-om the dome of the Pantheon in 
Paris. The lower end of the pendulum traced its vibrations north and south upon a 
table beneath, sprinkled with fine sand. These paths did not coincide, but at each 
return to the outside, the pendulum marked a point to the left. At the poles of the 
earth, the pendulum, constantly vibrating in the same vertical plane, would perform 
a complete revolution in 24 hours, making thus a kind of clock. At the equator it 
would not change east or west, as the plane of vibration would go forward with the 
diurnal revolution of the earth. The shifting of the plane would increase as the pexw 
dulum was carried north or south from the equator. 
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** beats off" the time In a watch? SO. What should be the length of a pendulum to 
vibrate minutes at the latitude of New York? SoltUUm. (1 sec.)' : (60 sec.)' :: 89.1 in. 
: 07=2.24- miles. 21. What should be the length of the above to vibrate half-seconds f 
Quarter-seconds ? Hours ? 22. What is the proportionate time of vibration of two 
pendulum?, respectively 16 and 64 inches long ? 23. Why, when you are standing 
erect asrainHt a wall, and a piece of money is placed between your feet, can you not 
stoop forward and pick it up ? 24. If a tower were 196 feet high, with what velocity 
would a stone, dropped from the summit, strike the ground ? 25. A body &lls in 
6 seconds ; with what velocity does it strike the ground i 26. How for will a body 
fEdl in 10 seconds? With what velocity will it strike the ground? 27. A body is 
thrown upward with a velocity of 102 feet the first second ; to what height will it 
ris<)? 28. A ball is shot upward with a velocity of 256 feet; to what height will it 
rise ? How long will it continue to ascend ? 29. Why do not drops of water, fiilling 
from the clouds, strike wit^ a force proportional to the laws of foiling bodies ? 
Ans, Because they are so small that the resistance of the air nearly destroys thehr 
velocity. If it were not for this wise provision, a shower of rain-drops would be as 
fotal as one of Minie bullets. 80. Are any two plumb-lines parallel ? 81. A stone let 
fall Arom a bridge strikes the water in 8 seconds. What is the height ? 82. A stone 
foils from a church-steeple in 4 seconds. What is the height of the steeple ? 88. How 
for would a body foil Id the first second at a distance of 12,000 niles above the earth^s 
surfoce ? 34. A body at the surfoce of the earth weighs 100 u^no what would be its 
weight 1,000 miles above ? 35. A boy wishing to find the heigiit Df a steeple, lets fly 
an arrow that just reaches the top and then falls to the ground. It is in the air 6 sec- 
onds. Bequired the height. 86. A cat let foil from a balloon reaches the ground in 
10 seconds. Required the distance. 87. In what time will a pendulum 40 feet long 
make a vibration ? 88. Two meteoric bodies in space are 12 miles apart They 
weigh respectively 100 and 200 lbs. If they should foil together by theii mutual 
attraction, what portion of the distance would be passed over by each body V 89. If 
a body weighs 2,000 lbs. upon the surfoce of the earth, what would it weigh 2,000 
miles above ? 500 miles above ? 40. At what distance above the earth will a body 
foil, the first second, 21 i inches ? 41. How for will a body foil in 8 seconds ? In the 
8th second ? In 10 seconds ? In the 80th second ? 42. How long would it take for a 
pendulum one mile in length to make a vibration ? 43. How long would it take for a 
pendulum reaching from the earth to the moon to make a vibration ? 44. Required 
the length of a pendulum that would vibrate centuries. 45. What would be the time 
of vibration of a pendulum 64 metres long? 46. A ball is dropped from a height of 
64 feet At the same moment a second ball is thrown upward with sufficient velocity 
to reach the same point. Where will the two balls pass each other? 47. Two bodies 
are successively dropped fh>m the same point with an interval of | of a second. 
When win the distance between them be one metre? 48. Explain the follovring 
fact : A straight stick loaded with lead at one end, can be more easily balanced ver- 
tically on the finger when the loaded end is upward than when it is downward. 49. 
What effect would the foil of a heavy body to the earth have upon the motion of the 
earth in its orbit? (In answering this question, imagine the body to foil in various 
directions toward the earth, as opposed to the motion of the earth, in the same 
direction with the earth^s motion, etc.) 60. If a body weighing a pound on the earth 
were carried to the sun it would weigh about 27 pounds. How much would it then 
attract the sun ? 51. Why does watery vapor float and rain fall ? 62. If a body 
weighs 10 kilos, on the surface of the earth, what would it weigh 1,000 kilometres 
above (the earth's radius being 6.866 km.) ? 68. A body is thrown vertically upward 
with a velocity of 100 metres ; how long before it will return to its original position ? 
54. Required the time needed for a body to foil a distance of 2,000 metres. 65. If two 
bodies, weighing respectively 1 kilo, and 1 demi-kilo., are connected by a rod 90 
centimetres long, where is the centre of gravity ? 
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There are certain forces residing in molecules and acting onlj at 
insensible distances, which are known as the Molecular Forces. The 
one which ties together molecules of the same kind is styled cohesion. 
The relation between this force and that of heat determines whether a 
body is solid, liquid, or gaseous. Under the action of cohesion, liquids 
tend to form spheres ; and solids, crystals. The processes of welding 
and tempering, and the annealing of iron and glass, illustrate curious 
modifications of the cohesive force. Molecules of different kinds are 
held together by adhesion. Its action is seen in the use of cement, 
paste, etc., in the solution of solids, in capillarity, difiiision of gases, 
and osmose. 

Gravitation, though weak,* compared with cohesion, acts uni- 
versally. Its force is directly as the product of the attracting and 
attracted masses, and inversely as the square of their distance apart. 
Gravity makes a stone fall to the ground. The earth and a kilogram 
of iron in mid air attract each other equally, but the former is so much 
heavier that they move toward each other with unequal velocity, and 
the motion of the earth is imperceptible. Weight is the resisted 
attraction of the earth. At the centre of the earth the weight of a 
body would be nothing ; at the poles it would be greatest, and at the 
equator least. Increase of distance above or far below the surface of 
the earth will diminish weight. Were the resistance of the air 
removed, all bodies would fall with equal rapidity. The first second 
a body falls 16 feet (4.9 metres), and gains a velocity of 32 feet 
(9.8 metres). In general, the velocity of a falling body is 16 feet, 
multiplied by the even number corresponding to the second, and the 
distance 16 feet multiplied by the odd number. The centre of gravity 
is the point about which the weights of all the particles composing a 
body will balance one another, i, e., be in equilibrium. There are three 
states of equilibrium — stable, unstable, and indifferent — according as 
the point of support in a body is above, below, or at the centre of grav- 
ity. As the centre of gravity tends to seek the lowest point, its position 
determines the stability of a body. The centre of gravity may be 
found by trial or with a plumb-line. A body suspended so as to swing 
freely is a pendulum. The time of a pendulum's vibration is inde- 
pendent of its material, proportional to the square root of its length and 

* As the attraction of gravitation acts bo commonly npon great masses of matter, 
we are apt to consider it a tremendous force. We, however, readily detect its rela- 
tive feebleness when we compare the weight of bodies with their tenacity. Ex. : 
Think how much easier it is to lift an iron wire against gravity than to pal) it to 
pieces against cohesion. 
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rariable according to the latitude. The pendalam is our time-keeper 
and useful in many scientific investigations. 

We are so accutstomed to see all the objects around us possess 
weight, that we can hardlj conceive of a body deprived of a property 
which we are apt to consider as an essential attribute of matter. 
Nothing is more natural, apparently, than the falling of a stone to the 
ground. "Yet," says D'Alembert, ''it is not without reason that 
philosophers are astonished to see a stone fall, and those who laugh 
at their astonishment would soon share it themselves, if they would 
reflect on the subject." Gravity is constantly at work about us, at one 
moment producing equilibrium or rest, and at another, motion. When 
it seems to be destroyed, it is only counterbalanced for a time, and 
remains, apparently, as indestructible as matter itself. The stability 
and the incessant changes of nature are alike due to its action. Not 
only do rivers flow, snows fall, tides rise, and mountains stand in 
obedience to gravitation, but smoke ascends and clouds float through 
the combined influence of heat and weight. 



HISTORICAL SKETCH. 

The latter part of the sixteenth century witnessed the establish- 
ment of the principles of falling bodies. Galileo, while sitting in the 
cathedral at Pisa (see Frontispiece) a. <l watching the swinging of an 
immense chandelier which hung from its lofty celling, noticed that its 
vibrations were isochronous. This was the germ-thought of the pen- 
dulum and th«) clock. Up to his time it had been taught that a 4-lb. 
weight would fall twice as fast as a 2-lb. one. He proved the fallacy 
of this view by dropping from the Leaning Tower of Pisa balls of dif- 
ferent metals — gold, copper, and lead. They all reached the ground at 
nearly the same moment. The slight variation he correctly accounted 
for by the resistance of the air, which was not the same for all. 

Newton, as the story runs, was sitting in his garden one day, and 
noticed the fall of an apple. Reflecting upon the force which drew it 
to the ground, the thought struck his mind that perhaps the same force 
acted upon the heavenly bodies. The moon, for example, revolves 
about the earth in a fixed orbit. Might it not be the attraction of the 
earth which causes the moon to move in this curved path? To test 
this, he calculated how far the moon bends from a straight line, i, e. , 
falls toward the earth every second. Knowing the distance a body 
falls in a second at the surface of the earth, he endeavored to see how 
far it would fall at the distance of the moon. For years he toiled over 
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this problem, but an erroneous estimate of the earth's diameter then 
accepted by physicists prevented his obtaining a correct result. Finally, 
a more accurate measurement having been made, he inserted this in 
his calculations. Finding the result was likely to verify his conjecture^ 
his hand faltered with the excitement, and he was forced to ask a friend 
to complete the task. The truth was reached at last, and the grand 
law of gravitation discovered (1682). 

The sun-dial was doubtless the earliest device for keeping time. 
The clepsydra was afterward employed. This consisted of a vessel con- 
taining water, which slowly escaped into a dish below, in which was a 
float that by its height indicated the lapse of time. ' King Alfred used 
candles of a uniform.size, six of which lasted a day. The first clock 
erected in England, about 1288, was considered of so much importance 
that a high oflScial was appointed to take charge of it. The clocks of 
the middle ages were extremely elaborate. They indicated the motions 
of the heavenly bodies ; birds came out and sang songs, cocks crowed, 
and trumpeters blew their horns ; chimes of bells were sounded, and 
processions of dignitaries and military officers, in fantastic dress, 
marched in front of the dial and gravely announced the thne of day. 
Watches were made at Nuremberg in the fifteenth century. They 
were styled Nuremberg eggs. Many were as small as the watches of 
the present day, while others were as large as a dessert-plate. They 
had no minute or second hand, and required winding twice per day. 

On Attraction, as well as on subsequent topics treated in this 
book, consult Gaillemin's " Forces of Nature " ; Atkinson's Ganot's 
Physics ; Amott's " Elements of Physics"; Snell's Olmstead's Natural 
Philosophy ; Todhunter's " Philosophy for Beginners " ; Stewart's 
EHementaiy Physics ; Silli man's Physics ; Everett's " Text-book of 
Physics " ; Young's ** Lectures on Natural Philosophy " ; Thomson 
and Tait's "Elements of Natural Philosophy"; "Appleton's Cyclo- 
pffidia," Articles on Clocks and Watches, Weights and Measures, Gravi- 
tation, Mechanics, etc. ; Peck's Ganot's Natural Philosophy ; Miller's 
Chemical Physics, Chap. Ill, on Molecular Force ; Weinhold's Experi- 
mental Physics ; Pickering's '* Elementary Physical Manipulation "; 
Fourteen Weeks in Astronomy, Sections on Galileo and Newton, pp. 
29-34. 

The current numbers of Harper's Magazine (Eklitor's Scientific 
Record) ; Scribner's Magazine (The World's Work) ; Popular Science 
Monthly ; Boston Journal of Chemistry, and the Scientific American 
contain the latest phases of science. 
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Nature is a reservoir of power. Tremendous forces are all about us^ 
but they are not adapted to our use. We need to remould the energy to fit 
our wants. A waterfall cannot grind com nor the tuind draw ivater. 
Yet a machine tuill gather up these wctsted forces^ and turn a grist-mill or 
work a pump, A kettle of boiling water hcu little of promise ; but 
husband its energy in the steam-engine^ and it will weave cloth^ forge an 
anchor^ or bear our burdens along the iron track. 

" The hero in the fairy tale had a servant who could eat granite rocks, 
another who could hear the grass grow, and a third who could run a hun- 
dred leagues in half an hour. So man in nature is surrounded by a gang 
of friendly giants who can accept harder stints than these. There is no 
porter like grardtation^ who will bring down any weight you cannot carry ^ 
and if he wants aidy knows how to get it from his fellow-laborers. Water 
sets his irresistible shoulder to your milly or to your shipy or transports vast 
boulders of rock, neatly packed in his iceberg, a thousand miles ^ 

— Emerson 
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I-— THE SIMPLE MACHINES. 
—THE LAW OF MECHANICS. 

^1. Definition. 



1. THE LEVER. 



2. THE WHEEL AND 
AXLE. 



2 Three Qaflses f ^^'^ ^*^ ^^^ 
a. Ihree Uasses I ^c^^) Second Gl(m 

of Levers. ]^(3.) 2%,vdcjf^. 

8. Law of Equilibrium. 
4 Steelyard. 
^5. Compound Lever. 

1. Definition and Illustration. 

2. Law of Equilibrium. 

3. Wbeelwork. 



3. THE INCLINED PLANE 



j 1. Definition and Illustration. 
J 2. Law of Equilibrium. 



4. THE SCREW. 



5. THE WEDGE 
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Definition and Illustration. 
Law of Equilibrium. 



j 1. Definition and Illustration, 
j 2. Law of Equilibrium. 



6. THE PULLEY. 
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Definition and Illustration. 
Fixed and Movable Pulleys 

3. Combinations of Pulleys. 

4. Law of Equilibrium. 



7. CUMULATIVE CONTRIVANCES. 
L8. PERPETUAL MOTION. 



ELEMENTS OF MACHINES. 

The Simple Machines are the elements to which all 
machinery can be reduced. The watch with its complex 
system of wheel-work, and the engine with its belts, cranks 
and pistons, are only various modifications of some of the 
six elementary forms — ^the lever, the wheel aiid axle, the 
inclined plane, the screw, the wedge, and the pulley.* 

They are often termed the Mechanical Powers, but they 
do not produce work ; they are only methods of applying it. 
Here again the doctrine of the Conservation of Energy 
holds good. The work done by the power is always equal 
to the resistance overcome in the weight. 

The Law of Mechanics is, the power multiplied by the 
distance through which it moves, is equal to the weight multi- 
plied by the distance through which it moves. \ Ex. : 1 lb. of 
power moving through 10 feet = 10 lbs. of weight moving 
through one foot, or vice versa. 

1. The Lever is a bar turning on a pivot. The force 
used is termed the potoer (P), the object to be lifted the 
weight (W), the pivot on which the lever turns the fulcrum 
(P), and the parts of the lever each side of the fulcrum the 
arms. 

Three Classes of Levers. — ^In the three kinds, the 
fulcrum, weight and power are each respectiv^ly between 
the other two, as may be seen by comparing Pigs. 39-41. 



* These six may be still further reduced to two — the lever and the inclined 
plaoe. 

t In theory, the parts of a machine have no weight, move with no friction, and 
meet no resistance fivm the air. In practice, these InAuences must be considered. 
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Fig. 49. 




Fig. 48. 



First Class. — We wish to lift a heavy stone. Accordingly 

we put one end of a handspike 
under it^ and resting the bar on a 
block at P, bear down at P. — ^A 
pump-handle is a lever of the first 
class. The hand is the P, the water 
lifted the W, and the pivot the P. — 
A pair of scissors is a double lever of 
the same class. The cloth to be 

cut is the W, the hand the P, and the rivet the P. 
Second Class. — We may also 

raise the stone, as in Pig. 43, by 

resting one end of the lever on the 

ground, which acts as a fulcrum, 

and lifting up on the bar. — An 

oar is a lever of the second class. 

The hand is the P, the boat the 

W, and the water the P. 

Third Class, — The treadle of a sewing-machine is a lever 

of the third class. The front end resting on the ground is 

the P, the foot is the P, and the force is transmitted by a 

rod to the W, the arm above. — In the fishing-rod, one hand 

is the P, the other the P, and the fish the W. 

Law of Equilibrium. — ^A force multiplied by its per- 
pendicular distance from a point is called the moment or 
turning effort of the force about that point as a pivot. In 
the lever, P balances W when the moments about the ful- 
crum are equal. Let Pd represent power's distance from 
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the F, and Wd weight's distance. Substituting these terms 
in the law of mechanics. 



P X Pd = W X Wd (1). P : W : : Wd : Pd (3). 



_ WxW(f 



The P is 



Fig. 44. 




In the first and second classes, as ordinarily used, we gain 
power and lose time ; in the third class we lose power and 
gain time. 

The Steelyabd is a lever of the first class, 
at E, the F at 0, and the W at D. If the dis- 
tance from the pivot of the hook D to the 
pivot of the hook be one inch, and from the 
pivot of the hook C to the notch where E 
hangs be 12 inches, then 1 lb. at E will balance 
12 lbs. at W. If the 
steelyard be reversed ^ 
(Pig. 45), then the dis- 
tance of the P from the 
W is only J as great, and 
1 lb. at E will balance 

48 lbs. at D. Two sets of notches on opposite 
sides of the bar correspond to these different 
positions. 

The Compound Leveb consists of several levers 
so connected that the short arm of the first acts 
on the long arm of the second, and so on to the 
last of the series. If the distance of A (Fig. 46) 
from the P be four times that of B, a P of 6 lbs. 
at A will lift a W of 

20 lbs. at B. If the ^ §■ 

arms of the second lever S 

are of the same com- ||b 

parative length, a P of 

20 lbs. at C will lift 80 lbs. at E. In the third 

lever, a P of 80 lbs. at D will lift 320 lbs. at P. 

With this system of three levers, 5 lbs. at A 

will accordingly balance 320 lbs. at P. To raise 
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the W 1 foot, howeTer, 
^A the P must move 64 feet. 
A Thus what ia gained in 
^ power IB lost in time. 
' There is no creation of 

force by the use of the 
levers ; the rather, there ia a small loss because of friction. 

Hay scales are couBtructed upon the principle of the 
compound lever. The 
plfttform rests on sev- '»■ *^- 

eral levers, aa shown in 
Fig. 47. These are con- 
nected with a side lever, 
which is notched to in- 
dicate the pounds, etc 
The weight is moved 
along this lever until it 
balances the load of hay. 

3. The Wheel and Axle is a kind of perpetual lever. 
As both arms work continuously, we are not obliged to prop 
up the W and readjust the lever. In 
the windlass used for drawing water 
from a well, the P is applied at the 
handle, the W is the bucket, and the P 
is the axis of the windlass. The long 
arm of the lever is the length of the 
handle, and ^ ^ 

the short arm 
is the eemi- 
diameter o f 

the axle. 

This is 

shown in 

a cross- 

section 

(Fig. 48) 

where t 
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is the F, A the long arm, and B the abort arm. — In 
Fig. 49, inatead of taming a handle we take hold of pina 
inserted in the rim of the wheel. — Fig. 50 repreaentB a 
capstan used on Teasels for weighing the anchor. The P 
is applied by handspikes inserted in the axle. — Fig. 51 
shows a form of the capstan employed in moving buildings, 
in which a horse furnishes the power. 



Law of Equilibriuh. — By turning the handle or wheel 
around once, the rope will he wound around the axle and 
the W be lifted that distance. Applying the law of 
mechanics, P x the circumference of the wheel := W x cir- 
cumference of the axle ; or, as circles are proportional to 
their radii, 

P : W : : radioB of the axle : radina of the wheel. (4> 

Wheelwork consists of a series of ^^J^ 

wheels and axles which act upon one 
another on the principle of the com- 
pound lever. The cogs on the cir- 
cumference of the wheel are termed 
teeth, on the axle leaves, and the axle 
it«eif is called a pinion. If the radius 
of the wheel F be 12 inches, and 
that of the pinion 2 inches, then a P of 1 lb. will apply a 
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force of 6 Ibe. to the second wheel E. If the radios of this 
be 13 inches, then the second wheel will apply a P of 36 Iba. 
to the third wheel, which, acting on its axle, will balance a 
W of 316 lbs.* 

3. The Inclined Plane. — If we wish to lift a heavy 
cask into a wagon, we rest one end of a plank on the wagon- 
box and the other on the ground. We can then easily roll 
the cask up this iaclined plane. When roads are to be made 

Fia. SB. 



over steep hills, they are sometimea constmcted aroimd the 
hill, like the thread of a screw, or in a winding manner as 
shown in Fig. 53. f 

Fio. M. Law op Equilibbidm. — In 

Fig. 54 the P must descend a 
distance CA to elevate the W 
to the height BC. Applying 
the law of mechanics, P x 



• The W win paas Ibrongli odIj th (*" distance of Ihe P. W 
ind lose speed. If we wish to rorerefl this we c«n apply the P 
gala speed. Tbls Is Ibe plan adapted In hctorl 
■hnndant powei, and Bplndles or other swlA mi 
rapidity. 

t T|;ere le ^ remarkable aeoent of thU kind on Uount Ro^al, Ilonlie*]. 
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length of inclined plane = W x height of inclined plane ; 
hence, 
P : W : : height of inclined plane : length of inclined plane. * (5.) 

If a road ascend 1 foot in 100 feet, then a horse drawing 
up a wagon has to lift only y^ of the load, besides over- 
coming the friction. A body sliding down a smooth inclined 
plane acquires the same velocity that it would in falling the 
same height perpendicularly. A train descending a grade 
of 1 foot in 100 feet tends to go down with a force equal to 
T-iTT of its weight.! 

4. The Screw consists of an inclined plane wound 
around a cylinder, the former being 
called the thready and the latter the 
body. It works in a nut which is fitted 
with reverse threads to move on the 
thread of the screw. The nut may turn 
on the screw, or the screw in the nut. 
The P may be applied to either, by 
means of a wrench or lever. The screw 
is used in vises ; in raising buildings ; 
in copying letters, and in presses for 
squeezing the juice from apples, sugar-cane, etc. 

Law of Equilibrium. — When the P is applied at the 
end of a lever, it describes a circle of which the lever is the 
radius. The distance through which the P passes, is the 
circumference of this circle ; and the height to which the 
W is elevated at each revolution of the screw, is the distance 




* If we roll into a wagon a barrel of pork, weighing SOO Ibe., np a plane 13 feet 
long and 8 feet high, we have a; = 60 lbs. : 900 lbs. : : 8 feet : 12 feet We lift only 
60 lbs., or } of the barrel, bat we raise it through four times the space that wonld 
be necessary if we conld elevate it directly into the wagon. We thus lose speed 
and gain power. The longer the inclined plane, the heavier the load we can lift, bat 
the more time it will take to do it 

t Near Lake Laceme is a forest of firs on the top of Moant Rlatos, an almost 
inaccessible Alpine sanunit. By means of a wooden troagh, the trees are conducted 
into the water below, a distance of eight miles, in as many minutes. One standing 
near hears a roar as of distant thunder, and the next instant the descending tree 
darts past and plunges downward out of sight The force with which it fells is so 
prodi^oos, that if it Jumps oat of the troagh it is dashed to pieoed. 
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between two of the threads. Applying the law of mechanics, 
P X circumference of circle ^ W x interval between the 
threads; hence, 

F : W : : luterral : t^rcumference. (6.) 

The efficiency of the screw may be increased by length- 
ening the lever, or by diminishing the din- 
'°" °*" tance between the threads. 

5. The Wedge consistB generally of 
two inclined planes placed back to back. 
It is used for splitting wood and stone 
and lifting vessels in the dock. Leaning 
chimneys have been righted by wedges 
driven in on the lower side. Nails, needles, 
pins, knives, axes, etc., are made on the 
principle of the wedge. 

The Law of E(juiLrBEnJM is the same as that of the in- 
clined plane — viz.,* 

P : W : : thickness of wedge : length of wedge. (7.) 

6. The Pulley consists of a wheel, within the grooved 
edge of which runs a cord, 
A Fixed Pulley (Fig. 57) merely changes 
the direction of the force. There 
Fia. 53, is no gain of power or speed, a 
must move down as 
1 weight W rises, and 
le same velocity, 
iver of the first class 
mns. By its use a j^ 
g on the ground vpill 

hoist a flag to the top of a lofty 
pole, and thus avoid the trouble 
and danger of climbing up with 
it. Two fixed pulleys, arranged 
as shown in Fig. 58, enable a 
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heavy load to be elevated to the upper story of a building by 
horse-power. 

A Movable Pulley is represented in Pig. 59. One- 
half of the bajTol is sustained by the hook while 

the hand lifts the other. As the P is "" 
^' *'" one-half the W, it must move through 
twice the space ; in other words, by 
taking twice the time, we can lift twice 
m much. Thus power is gained and 
time lost 

We may also explain the single mov- 
able pulley by Fig. 60. A represents 
tlie F, R the W acting in the line OE, 
and B the P acting in the line BP. This is a 
" lever of the second class ; and as AO = i AB, 
P = J W. 
Combinations op Pulleys. — (1.) In Fig. 61, we have the 
W sustained by three cords, each of 
Pm. ta. which is stretched by a tension equal 
to the P; hence 1 lb. of 
power will balance 3 ^- "■ 

lbs. of weight. (2.) In 
Pig. 62, the P will sus- 
tain a'W of 4 lbs. (3.) 
In Fig, 63, the cord 
marked 1 1 has a ten- 
sion equal to P in each 
part ; the one marked 
2 2 has a tension equal 
to 3P in each part, and 
so on with the others. 
The sum of the ten- 
sions acting on W is 16 ; hence W =:^ 16 P. 



tbe street be lott 



tbia It is eMenClal. elee tbe wedgs would By back noil tbe etTec 
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In this B;8t«iti, D rises twice as fast ae G, four times as fast 

as B, etc. Work must stop when D reaches 

**■■ **■ E, which gives little sweep to A for lifting 

W. (4.) Fig. 6i FepTeaenta the ordinary 

" tacMe-block " used by mechanios. 

Law of Equilibbiuu. — When a continii- 
oub rope is used, let n represent the number 
of separate parts of the cord which sustain 
the movable block. We then hare 

When the number of movable and of Qzed 
pulleys is equal, in general, W = P X twice 
the number of movable pulleys. 

^. CumnlatiTe Contrivances. — A hammer, club, pile- 
driver, sling, fiy-wheel, etc., are instmmeuts for accumu- 
lating energy to be used at the proper moment. Thus we 
may press a hammer on the head of a nail with all our 
strength to no purpose ; but swing the hammer the length 
of the arm, and the blow will bury the nail to the head. 
The strength of our muscles and the attraction of gravity 
during the fall both gather force to be exerted at the in- 
stant of contact. A fly-wheel by its momentum equalizes 
an irregular force, or produces a sudden effect.* 

8. Parpetoal Motion. — It is impracticable to make a 
machine capable of perpetual motion. No combination can 
produce energy ; it can only direct that which is applied. 
In all machinery there is friction ; this must ultimately 
exhaust the power and bring the motion to rest. The only 
question is, how long time will be required for the leakage 
to drain the reservoir. 



■ ODlfoTni motion, and la tike other It la concentrated In ■ heaiy blow ttuC will pletce 
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PRACTICAL QUESTIONS.— 1. Describe the mdder of a boat as & lever. A ioor. 
A door-latch. A lemon-squeezer. A pitchfork. A spade. A shovel. A sheep- 
shears. A poker. A pair of tongs. A balance. A pair of pincers. A wheelbarrow. 
A man pushing open a gate with his hand near the hinge. A sledge-hammer, when 
the arm is swung fh)m the shoulder. A nut-cracker. The arm (see Physiology, 
p. 48). S. Show the change that occurs from the second to the third class of lever, 
when yon take hold of a ladder at one end and raise it against a building. S. Why is 
a pinch Arom the tongs near the hinge more severe ttum one near the end t 4. Two 
persons are carrying a weight of 260 lbs., hanging between them from a pole 10 feet 
in length. Where should it be suspended so that one will lift only 50 lbs. ? 5. In a 
lever of the first class, 6 feet long, where should the F be placed so that a P of 1 lb. will 
balance a W of 23 lbs. ? 6. What P would be required to lift a barrel of pork with a 
windlass whose axle is 1 foot in diameter, and handle 8 feet long f 7. What sized 
axle, with a wheel 6 feet in diameter, would be required to balance a W of one ton by 
a P of 100 lbs. r 8. What number of movable pulleys would be required to lift a W 
of 200 lbs. by a P of 26 lbs. ? 9. How many pounds could be lifted with a system of 
4 movable pulleys by a P of 100 lbs. ? 10. What W could be lifted with a single 
horse-power * acting on a system of pulleys shown in Fig. 64 ? 11. What distance 
should there be between the threads of a screw to enable a P of 26 lbs. acting on a 
handle three feet long, to lift a ton f 12. How high would a P of 12 lbs., moving 
16 feet along an inclined plane, lift a W of 96 lbs. f 18. I wish to roll a barrel of flour 
into a wagon, the box of which is four feet from the ground. I can lift but 24 lbs. 
How long a plank must I get f 14. The "" evener ^* of a pair of whifiSetrees is 8 feet 
6 inches in length ; how much must the whiffletree be moved to give one horse an 
advantage of one-third over the other ? 15. In a set of three-horse whiffletrees, hav- 
ing an *^ evener'^ 5 feet in length, at what point should the plough-clevis be attached 
that the single horse may draw the same as each of the span of horses f At what' 
point to give him one-quarter " advantage " ? 16. What W can be lifted with a P of 
100 lbs. acting on a screw having threads 1 inch apart, and a handle 4 feet long? 
17. What is the object of the balls often cast on the ends of the handle of the screw 
used in presses for copying letters ? 18. In a steelyard 2 feet long, the distance from 
the weight-hook to the fulcrum-hook is 2 inches ; how heavy a body can be weighed 
with a pound weight ? 19. Describe the change from the first to the third class of 
lever, in the difiierent ways of using a pitchfork or a siMide. 20. Why are not black- 
smiths' tongs and fire-tongs constructed on the same principle ? 31. In a lever of the 
third dass, what W will a P of 60 lbs. balance, if one arm be 12 feet and the other 
8 feet long? 22. In a lever of the second class, what W will a P of 60 lbs. balance, 
with a lever 12 feet long, and the W 8 feet from the F ? 28. In a lever of the first 
dass, what W will a P of 60 lbs. balance, with a lever 12 feet long, and the F 8 feet 
from the W ? 24. In a wheel and axle, the P = 40 lbs., 'the W = 860 lbs., and the 
diameter of the axle = 8 in. Bequired the circumference of the wheel. 26. Suppose, 
in a wheel and axle, the P = 20 lbs., the W = 240 lbs., and the diameter of thewheel 
= 4 feet Required the circumference of the axle. 26. Bequired, in a wheel and 
axle, the diameter of the wheel, the diameter of the axle being 10 inches, the P 
100 lbs., and the W 1 ton. 27. Why is the rim of a fly-wheel made so heavy? 
28. Describe the hammer, when used in drawing a nail, as a beni lever, i. e., one in 
which the bar is not straight. 29. Describe the four levers shown in Fig. 27, when 
both the load of hay and the weight are considered, respectively, as the W and 
the P. 

* A hone-potoer is a force which is equivalent to 660 foot-pounde, i. e., can raise 
against gravity 650 lbs. one foot in one second, or 83g0001bs one foot in one minute. 
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SUMMARY. 

All machines can be resolved into one or more elementary forms. 
Of these there are six, viz., the lever, the wheel and axle, the inclined 
plane, the screw,/ the wedge and the pulley. Though called the 
mechanical powers, they are only instruments by which we can avail 
ourselves of the forces of nature Molar energy or the motion of 
masses, as of air, water, steam, etc., is thus utilized, while the strength 
of a horse does the work of many men. A force of small intensity 
made to act through a considerable distance becomes one of g^reat inten- 
sity acting through a small distance, and vice wrsa. No machine is a 
source of power, but in all cases P x Pd = W x Wd. The law of 
energy thus forbids perpetual motion. The lever is a bar resting at 
some part on a prop as a centre of motion. To this simple machine 
may be reduced also the wheel and axle, and the pulley. The crow- 
bar, claw-hammer for drawing nails, pincers, windlass and steelyard 
are examples of the various classes of levers.. To the inclined plane 
may be reduced also the wedge and the screw. The laws of falling 
bodies obtain so that on a plane sloping one foot in sixteen a body 
(neglecting friction) would descend only one foot in the first second. 
The awl, vise, carpenter's plane, corkscrew, tackle-block and stairs are 
common modifications of the inclined plane. 



HISTORICAL SKETCH. 

Simple machines for moving large bodies are as old as history. 
The Babylonians knew the use of the lever, the pulley and the roller. 
The Romans were acquainted with the lever, the wheel and axle, and 
the pulley (simple and compound). The Egyptians, it is thought, 
raised the immense stones used in building the Pyramids, by inclined 
planes made of earth which was afterward removed. Archimedes in ' 
the 3d century B. C, discovered the law of equilibrium in the lever. * 
His investigations, however, were too far in advance of his time to 
be fully understood, and the teachings of Aristotle were long after 
accepted by scientific men. The law of mechanics or of Virtual 
Velocity, as it is called, was discovered by Galileo. 

* It is often Bald that Archimedes, in allusion to the tremendoas power of the 
lever, asserted that, Give him a Ailcrum and he could move the world. Had he been 
allowed such a chance, " the Ailcnim being nine thousand leagues ft-om the centre of 
the earth, with a power of 200 lbs. the geometer would have required a lever 13 
quadrillions of miles long and the power would have needed to move at the rate of a 
cannon-ball to lift the earth one inch in 27 trillions of years." 
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" The waves that moan along the shore. 
The winds that sigh in blowings 
Are sent to teach a mystic lore 

Which men are wise in knowing,** 
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Hydrostatics treats of liquids at rest. Its principles 
apply to all liquids ; but water, on account of its abundance, 
is taken as the type. 

1. Liquids Influenced by External Pressure only. 
—(1.) Liquids tbansmit pbessube equally in all direc- 
tions. As the particles of a liquid move 
freely among themselves, there is no loss by 
friction, and any force will be transmitted 
equally upward, downward, and sidewise. 
Thus if a bottle be filled with water and a 
pressure of 1 lb. be applied upon the cork, 
it will be communicated from particle to 
particle throughout the water. If the area 
of the cork be one square inch, the pressure 
upon any square inch of the glass at n, a, b, 
or c, will be 1 lb. If the inside surface of the 
bottle be 100 square inches, a pressure of 
1 lb. upon the cork will produce a force 
of 100 lbs., tending to burst the bottle. 

Illustrations. — The transmission of pres- 
sure by liquids under 

Fie. 06. 
A n 





some circumstances, is 
more perfect than by 
solids. Let a straight 
tube, AB, be filled with 
a cylinder of lead, and a piston be fitted to the end of the 
tube. If a force be ap- 
plied at P it will be 
transmitted to with- 
out loss. If instead, we 
use a bent tube, the 
force will be transmitted 
in the lines of the ar- 
rows, and will act on P but slightly. If, however, we fill the 
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tQbe with water, the force 




which is almoBt 
OB solid aa a hall of iron. 
If a Rupert's drop be held 
in a vial of water so as not 
to touch the glass (Fig. 69), 
and the tapering end be 
broken, the water will trans- 
mit the concussion and shat- 
ter the vial. 

(2.) Water AS A MECHAN- 
ICAL POWER. — Take two cyl- 
inders, P and p, (Fig. 70) 
fitted with pistons and filled 



will pass without diminution.* 
Take a glass bulb uid 
stem full of water, as in 
Fig. 68. t If you are 
careful to let the stem 
slip loosely through your 
Qngers as the bulb 
striked, you may pound 
it upon a smooth sur- 
face with all your 
strength. The force of 
the blow being instantly 
transmitted from the 
thin glass to the water, 
makes the bulb nearly 




with water. Let the area of p 
be % inches and that of Pbe 
100 inches. Then, accord- 
ing to the principle of the 
equal pressure of liquids, a 
downward pressure of 1 lb. 
on each square inch of the 
small piston will produce an 
upward pressure of 1 lb. 



* with cordu, piilla7«, levan, 



•tjg Ime about 
■■ iiqnia rope " eraminiu It with no sppreclable lo 
or Ailing Buch bulbs 1b BhawD on p. ISS. Thej i 
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on each square inch of the large piston. Hence a P of 
2 lbs. will lift a W of 100 lbs.* 

(3.) The Htdbostatic, ob Htdhaulic Press (Fig. 71) 
utilizes the principle just explained. As the workman de- 



presses the lever 0, he forces down the piston a upon the 
water in the cylinder A. The pressure is transmitted 



* PbbchI anaODDCed the dlMOveiy of this principle In Ihe following worde, " 
vewel full of water closed on all eldse baa two openings, the one ■ bnndred Ome 
lirce as the other, and U eacb be supplied with a piston which fits eiactl^, a : 
pDi-hlni« the snull piston will exert ■ force which will boluKe tb*t of « haiidr«d i 
poshlD.,- tbe Urge on*." 
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through the Jbent tube of water d under the piston 0, which 
lifts up the platform K, and compresses the bales. If the 
area of a be 1 inch and that of G 100 inches, a force of 
100 lbs. will lift 10,000 lbs. Still farther to increase the 
efficiency of this press, the handle is a lever of the second 
class. If the distance of the hand from the pivot be ten 
times that of the piston, a P of 100 lbs. will produce a force 
of 1,000 lbs. at a. This will become 100,000 lbs. at C* 
According to the principle of mechanics, P x Pd = W x Wd, 
the platform will ascend yAj^ of the distance the hand de- 
scends. This machine is used for baling hay and cotton, 
for launching vessels, and for testing the strength of ropes, 
chains, etc. 

2. Liquids Influenced by Gravity. — The lower part 
of a vessel of water must bear the weight of the upper part. 
Thus each particle of water at rest is pressed downward by 
the weight of the minute column it sustains. It must, in 
turn, press in every direction with the same force, else it 
would be driven out of its place and the liquid would no 
longer be at rest. Indeed, when a liquid is disturbed it comes 
to rest — i. e., there is an equilibrium established — only when 
this equality of pressure is produced. In consequence of 
this constant pressure the following laws obtain : 

(1.) Four Laws of Equilibrium. — I. Liquids at rest 
press downward^ upward and sidewise with the same force. 
If the series of glass tubes shown in Fig. 72 be placed in 
a pail of water, the liquid will be forced up 1 by the upward 
pressure of the water, 2 by the downward pressure, 3 by the 
lateral pressure, and 4 by the three combined in different 
portions of the tube. The water will rise in them all to the 
same height — L e., to the level of the water in the pail. 



* The presses employed for raising the immense tabes of the Britannia Bridge 
across the Menai Strait, were each capable of lifting 9,073 tons, and of " throwing 
water in a yacnnm to a height of nearly six miles, or over the top of the highest 
moontain." The difference between a and C may be increased until the weight of 9 
girrs hand would lift a man-of-war. 
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n. The preuwre increases with tite d^tk. The preBsare 
per square foot at the depth of 1 foot U the weight of a 
cubic foot of water — viz., abont 62J- lbs. (1,000 oza.) ; at 
% feet, twice that amoimt ; and eo on. In sea-water it is 
greater, as that weighs 64.37 lbs. per cubic foot. At great 
depths this pressure becomee enormous. If a square glass 
bottle, empty and firmly corked, be sunk into the water, it 
will generally be crushed before sinking ten fathoms. When 
a ship founders at sea, 

the water is forced 'w- "■ 

into the pores of the 
wood, so that no part 
can erer rise again to 
the surface to reveal 
the fate of the lost 
vesseL 

m. l%e pressure 
does not depend on the 
shape or size of the ves 
the apparatus shown in 
the water rises to the sami 
in the Tarious tubes, whii 
municate with one anoth 

The Hydrostatic Belle 
gists of two boards, each hinged 

on one side and resting on a rubber bag, to which is at- 
tfKhed an upright tube, A. Water is poured in at A until 



_l 
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the bag and the tube are filled. The pressure of the colmnn 

of water in the tube lifts 
the weights hung by 
-— . croBsbara beneath. It 
W will make no difference 
in the weight aupported, 
whether we use A or B, 
although the former 
holds ten times as much 
water aB the latter. C, 
however, being longer, 
the water will exert a 
greater pressure. An- 
other form of the appa- 
ratus (Fig. 75) consJBta 
of two boards connected 
by a band of leather, in 
which a tall tube A ia inserted. If this "be filled with water, 
the preasare will lift a weight as 
much greater than 
" the weight of the 

water in the tube 
as the area of the 
bellows - board is 
greater than that 
of the tube. Ap- 
plying the law of 
mechanics, if 1 oz. 
of water raise a 
weight of 50 oza. 
"*^~ ^ 1 inch, the water 
must fall 50 inches. 

A strong cask fitted with a small 
pipe 30 or 40 feet long, if filled with 
water will be burst asunder.* The 
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presBnre is as great as if the tube were of the same d 
88 the cask. In a coffee-pot the small quantity of liquid in 
the spout balances the large quantity in the vesseL If it 
were not so, it would rise in the spont and run out.* 

rv. Water seeks its level In Fig. 77 a tank is situated on 
a hill, whence the water la condoeted underground through 



a pipe to the fountain. In theory the jet will rise to the 
leyel of the reservoir, but ia practice it falls short, owing to 
the friction at the nozzle o* the pipe and in passing through 
the air, and the weight of the falling drops. 

Artesian Wells. f— Let A B and C D represent curved 
strata of clay impervious to water, and K K a layer of 
gravel. The rain falling on the hills filters down to C D. 

• The principle Uiat a email qneutltT of water idll (baa balance anatber qnaniili. 
howeyer \»ige, or win lilt anj weight, bowever great, la freqneotlj lenned tha 
" HydroBtatic Paradox." It Is onlj an Inalanca of a general law, and la no more 
paradoxical than the action of tbe lever. 

t The; are to named because the; hare long been atei In tbe province of Artfdi 
(Latin, Aiteninm), France. They were, however, early employed bj tbe Cbloeao tor 
Uw pmpoae of piocuHug gas and aalt water. 
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and collects in this basin. If a well be bored at H, as soon 
as it reaches the gravel the water will rush upward, under 
the tremendous lateral pressure, to the height of the scarce, 
often spouting high in air.* 

Wells. — Of the rain which falls on the land, a part runs 
- directly to the streams and part soaks into the soil. The 
latter portion may filter down to an impermeable layer of 
rook or elay, and then run along till it oozes ont at some 
lower point as a spring ; or, if it cannot escape, it will col- 
lect in the ground. If a well be sunk into this subterra- 
nean reservoir, the water will rise in it to the level around. f 

(3.) Bulbs for Computing Phbssure. — I. To find the 
pressure on the bottom of a vessel. Multiply the area of the 

* Th« bmont well at Orenelle, Parli, Is b( the bottom of ■ bnsln whJcb SKtends 
miles troiD the cit;. U U nboDt 13X1 feel deep. Hud fnrnitiheB 696 gslloaa of water 
per mlnaM, Tbe tna welle of Chicago are abont TOO Feet deep, and discharge dan; 
abont 488,000 gallonB. Being tttuated on th€ lerel prairie, the force wilb which tbe 
water conies lo tb<i eaiftice Indlcaiee that It ta Bnpplled perhape from Rock River, 100 
mUea dlstaat. There are alBO TSlnable arteBlan welle at LoDievllle, Kencack;, and 
at Charleeton, Sontb Carolina. When tbe water comee from a great depth it [■ 
generallf warm. (See Otria^. p. 31.) 

+ "Fromafbrgetflihies" of Chla principle the company wMch dng OielluunaB 
and Uedway Canal. England, incarred hear; datoagea. Having plaimed (be canal to 
be Alted at high tide, tbe Mit water xpread Immedialeir Into al! tbe veils of the fnr- 
roanding region. Had tbe canal been dng a lew reellower, the evil would haTsbeni 
•votded."— Anwft. 
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base by tlie perpendicular height, and that product by the 
weight of a cubic foot of the liquid. 

II. To find the pressure on the aide of a vessel Multiply 
the area of the side by half of the perpendicular height,* 
and that product by the weight of a cubic foot of the liquid. 
The pressure on the bottom of a cubical vessel of water ia 



the weight of the water ; on each side, one-half ; and on the 

four sides, twice the weight ; therefore, on the five sides the 
pressure is three times the weight of the water. 

(3.) Watee-levbl. — The surface of standing water is 
said to be level — i. e., horizontal to a plumb-line. This is 
true for small sheets of water, but for larger bodies an allow- 
ance must be made for the circular form of the earth (Fig, 
79). The curvature is 8 inches per mile, and increases as 
the square of the distance. | 

* Tbli clause of ttae role hoMs onl)' nben ths centre of emvl^ of tba aide ta >t 
biU th» parpjuuHmlai- h.ighi jn geneni, Uie depth of \a centre or gravity belov 
naanftcBdiaiiUba Dradaa the moltipHar. 

t FortwoiDiIeBitts8liicheB>a':^a(fnchee. If ona'i eye were at tbe level of 
tba wilw, he could fee tn a'i^tKX flS tbet hlgb at a dlBIADce of 10 mile*. 



f» 
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Fig. 81. 



The spirit-level is an instrument used by builders for lev- 
elling. It con- 
sists of a slightly- 
curved glass tube 
so nearly full of 
alcohol that it 
holds only a bub- 
ble of air. When 

th3 level is horizontal, the bubble remains at the centre of 

the tube. 

(4. ) Specific Gravity, or relative weight, is the weight 
of a substance compared with that of the same bulk 
of another substance. It shows the relative mass or the 
density of a body. Water is taken as the standard* for 
solids and liquids, and air for gases. 
A cubic inch of sulphur weighs 
twice as much as a cubic inch of 
water ; hence its specific gravity 
= 2. A cubic inch of carbonic- 
acid gas weighs 1.52 times as much 
as the same volume of air ; hence 
its specific gravity = 1.52. 

Buoyant Force of Liquids. — The 
cube abed is immersed in water. 
The lateral pressure at a is equal 
to that at 5, because both sides are 
at the same depth ; hence the body 
has no tendency toward either side of the jar. The upward 

* The water miiBt be at 89.2° F., its greatest deneity. In all exact meaBoremeiits, 
eepeciaDy of Btandardei, it is necessary to know the temperature. For the scale that 
is a foot long to-day may be more or less than a foot long to morrow ; the measure 
that holds a pint to-day may hold more or less than a pint to-morrow. Nay, more, 
these measures may not be the same in two consecntiye moments. When a car- 
penter takes np his rule and applies it to some object, the size of which he wishes to 
determine, it becomes in that instant longer than it was before ; when a druggist 
grasps his measuring glass in his hand to dispense some of his preparations, the 
glass increases in size. A person enters a cool room, and at once it becomes more 
capacious, for its waUs, ceiling and floor, because of the heat he imparts, immediately 
ezpand.->2>raiMr. 
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pressure at e is greater than the downward ttreesnre at d, 
because its depth is greater ; hence the ctibe has a tendency 
to rise. This upward pressare is called the buoyant force 
Ol the water. It is equal to the weight of the liquid dis- 
placed. For the downward preesure at d ie the weight of 
a colamn of water whose area is that of the top of the cube, 
and whose perpendicular height is n d, and the upward 
pressure at c is equal to the weight of a column of the same 
size whose perpendicular height is c n. The difference 
between the two, or the 
buoyant force, is the '*■«■ 

weight of a b 
water equal to i 
of the cube. 

The same pi 
is shown in ths 
inder-and-bneke 
periment." Tl 
inder a exactly 
the bucket b, 
the glass vessel ii 
the cylinder tu 
empty, the appa; 
balanced by 
weights placed 
in the scale- 
pan. Next, 
water is poured 

into the glass vessel. Its buoyant force raises the cylinder 
and depresses the opposite scale-pan. Then water is dropped 
into the bucket ; when it is exactly full, the scales will 
balance again. This proves that "a body in water is 
buoyed up by a force equal to the weight of the water it 
displaces." — Archimedes' law, p. 119. 

To find the specific gravity of a solid. Weigh the body in 
air, and in water ; the difference is the weight of its bulk 
of water ; diyide its weight in air by its loss of weight in 
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water ; the qnotient is the specific gravity. Thus, Bnlphar 
loses one-half its weight when immersed in water ; hence it 
is twice as heavy as water, and its specific gravity = S.* 

To find the apecific gravUy of a Uguid by the specific-gravity 
fiask. This is a bottle which holds exactly 1,000 grains of 
water. If it will hold 1,840 grains of sulpharic acid, the 
specific gravity of the acid is 1.84. 

To find the specific gravity of a liquid by a hydrometer. 
This instrument consista of s glass tube, closed at one end 
and having at the other a bulb containing mercury. A 
graduated scale is marked upon the tube. 
Pia.8B. rjijjg alcoholmster, used in testing alcohol, is 

BO balanced as to sink in pure water to the 
zero point. As alcohol is lighter than water, 
the instrument will descend for every ad- 
dition of spirits. The degrees of the scale 
indicate the percentage of alcohol. Similar 
instruments are used for determiiiing the 
strength of milk, acids, etc. 

To find the weight of a given hulh of any 
substance. Multiply the weight of one cubic 
foot of water by the specific gravity of the 
substance, and that product by the number 
of cubic feet. Ex.: What is the weight 
of three cubic feet of cork P Solution : 
1,000 ozs. X .340 1 = 240 ozs. ; 240 ozs. x 3 = 720 ozs. 

• If (he body win not sink In wBter alloch 11 to « hesTjliodj. 1. Weigh the 
lighter body In air (A), a. Weigh the heavy body In water (B). 8. Weigh both 
logetherln wnler ((7). Now O Ie> less thin B becaase (he light bodybnoyi up the 
henvy one ; 1, (., all Its downward weight A Is lost, and U actuaOy con»ert«d Into an 
upward or lifting tome^S—O. TbereTore the Iobb of the Hght bod; In witers 
A*3~0.: epecgtsT. -. 



A+B—0 
t TixLt or SFBcnio Gbivitt. (See Cbem., p. USB.) 

IridlDin ai-BOiZlne T.IB i PIdb Wood , 

PlaClnnm 31.B3 niamond abont 8.60 Cork 

GoH 39.84 Flint QlaBB iTB | Snlphnrlc Add 

Mercury 13.59 Chalk B.« , Water from Dead a 

Lead 11,88 ; Snlphnr S.OO , Milk 

Silver, lO.M Ice S3 Sea-water 

Copper S.eO Polaaslnm 86 I Absolnte Alcohol... 

CaM-lron 7X ' QnlcUlme 3)1 
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To find {he hulk of a given weight of any subatanee. 
Multiply the weight of a cubic foot of water by the specific 
gravity of the substance, and divide the given weight by 
that product. The quotient is the required bulk in cubic 
feet. Ex.: What is the bulk of 30,000 ozs. of lead ? Solvr 
tvm : 1,000 ozs. x 11.36 = 11,360 ; 20,000 -^ 11,360 = 1.76 
+ cn*ft. 

To find the volume of a body. Weigh it in water. The 
loB8 of weight is the weight of the displaced water. Then, 
as a cubic foot of water weighs 1,000 ozs., we can easily find 
the bulk of water displaced. Ex, : A body loses 10 ozs, on 
being weighed in water. The displaced water weighs 10 ozs. 
and is T^T of a cubic foot ; this is the exact volume of the 
body. 

Floating Bodies. — A body will float in water when its 
weight is not greater than that of an equal bulk of the 
liquid, and its weight always equals 
that of the fluid displaced. An egg "*"■ **■ 

dropped into a glass jar half -full of 
water (Fig. 84) sinks directly to the 
bottom. If, by means of a funnel 
with a long tube, we pour brine 
beneath the water, the egg will rise. 
We may vary the experiment by not 
dropping in the egg until we have 
half filled the jar with the brine. 
The egg will then fall to the centre, a 
float. Almost any solid if dissolved 
fills the pores of the water without a 
its bulk. This increases its density a 
ant power. A person can therefore sn 
easily in salt than in fresh water.*— 
ship will not only float itself, but alsi 

• Bajard Taylor sayB that be could float on the BDT&ce of lbs Dead Sea, with a 
log of wood for a plUow, an comRnlably Bi it Ij^ng on a spring nuttreu. ADOtbel 
tnTsUer temsrke, tlutt on phmidng hi he was tbiown oat again like a corh ; and 
that on emei^ng and drying himself, the cryeCali of fail wbtcb corered bla bodf 
made him reaenible an " animated allck of Tock-candr." 
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heayy cargo, because it displaces a great bulk of water. — ^A 
body floating in water has its centre of gravity at the 
lowest point, when it is in stable equilibrium.* — Fishes have 
air-bladders, by which they can rise or sink at pleasure.! 

PRACTICAL QUESTIONS.— 1. Why can honsekeepen test the etrength of Ijre, 
by trying whether or not an egg wUl float on it ? 2. How much water will it take to 
make a gallon of strong brine ? 3. Why can a fiit>uian swim easier tlian a lean one ? 
4. Why does tbe firing of a cannon sometimes bring to the surfiEice the body of a 
drowned person ? Ans. Because by the concussion it shakes the body loose Arom 
the mud or any object with which it is entangled. 5. Why does the body of a drowned 
person generally come to the surface of the water, after a time ? Ana. Because the 
gases which are generated by decomposition in the body render it lighter. 6. If we 
let bubbles of air pass up through a glass of water, why will they become larger as 
they ascend ? 7. What is the pressure on a lock-gate 14 feet high and 10 feet wide, 
when the lock is ftUl of water ? 8. Will a pail of water weigh any more with a live 
fish in it than without ? 9. If the water filtering down through a rock should collect 
in a crevice an Inch square and 350 feet high, opening at the bottom into a closed 
fissure having 20 square feet of surftice, what would be the total pressure tending to 
burst the rock ? 10. Why can stones in water be moved so much more easily than 
on land ? 11. Why is it so difficult to wade in water when there is any current 1 12. 
Why is a mill-dam or canal embankment small at the top and large at the bottom ? 
18. In digging canals and building railroads, ought not the engineer to take into con- 
sideration the curvature of the earth ? 14. Is the water at the bottom of the ocean 
denser than at the surfkce ? 15. Why does the bubble of air in a spirit-levei move as 
the instrument is turned ? 16. Can a swimmer tread on pieces of glass at the bottom 
of the water more safely than on land ? 17. Will a vessel draw more water In a 
river than in the ocean ? 18. Will iron sink in mercury ? 19. The water in the 
reservoir in New York is about 80 feet above the fountain in the City Hall Park. 
What is the pressure upon a single inch of the pipe at the latter point ? 20. Why 
does cream rise on milk ? 21 . If a ship founder at sea, to what depth will it descend ? % 

22. There is a story told of a Chinese boy who accidentally dropped his ball into a deep 
hole where he could not reach it. He filled the hole with water, but the ball would 
not quite float. He finally thought of a successftil expedient. Can you guess it? 

23. Which has the greater buoyant force, water or oil? 24. What is the weight of 
four cubic feet of cork? 25. How many ounces of iron will a cubic foot of cork float 
in water? 26. What is the specific gravity of a body whose weight in air is SOgrs. 
and in water 20grs.? How much is it heavier than water? 27. Which is heavier, 



* Herschel tells an amusing story of a man who attempted to walk on water by 
means of bulky cork boots. Scarcely, however, had he ventured out ere the law ol 
gravitation seized him, and all that could be seen was a pair of heels, whose move- 
ments manifested a great state of uneasiness in the human appendage below. 

t It was formerly thought that a fish in water has no weight. It is said that 
Charles II. of Bngland once asked the philosophers of his time to explain this phe- 
nomenon. They offered many wise conjectures, but no one thought of trying the 
experiment. At last a simple-minded man balanced a vessel of water, and on adding 
a fish, found it weighed just as much as if placed on a dry scale-imn. 

X It is a poetical thought that ships may thus sink into submarine currents and 
be carried hither and thither with their precious cargoes of freight and passengers, 
on voyages that know no end and toward harbors that they never reach. 
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8 pall of flresh or one of salt water? 28. The weights of a piece of syenite-rock in 
air and water were 8941.8 gra. and 2607.5 gre. Find its Bpeci&c gravity. 29. A 
specimen of green sapphire from Siam weighed in air 21.45 grs. and in water 16.33 
grs. ; required its specific gravity. 80. A specimen of granite weighs in air 534.8 
grs. and in water 834.6 grs. ; what is its specific gravity ^ 81. What is the balk 
of a ton of iron ? A ton of gold ? A ton of copper ? 82. What is the weight of a 
cube of gold 4 feet on each side? 83. A cistern is -12 feet long, 6 feet wide, and 
10 feet deep ; when ftUl of water, what is the pressare on each side ? 84. Why does 
a dead fish always float on its back ? 85. A given bulk of water weighs 62.5 grs. 
and the same bulk of muriatic acid 75 grs. What is the specific gravity of the 
acid ? 36. A vessel holds 10 lbs. of water ; how much mercury would it contain ? 
87. A stone weighs 70 lbs. in air and 50 in water; what is its bulk ? 88. A hollow 
ball of iron weighs 10 lbs. ; what must be its bulk to float in water? 89. Suppose 
that Hiero^s crown was an alloy of silver and gold, and weighed 22 ozs. in air and 
20^ ozs. in water. What was the proportion of each metal ? 40. Why will oil, 
which floats on water, sink in alcohol ? 41. A specific gravity bottle holds 100 gms. 
of water and 180 gms. of sulphuric acid. Required the density of the acid. 42. What 
is the density of a body which weighs 58 gms. in air and 46 gms. in water ? 43. What 
to the density of a body which weighs 63 gms. in air and 85 gms. in a liquid of « 
density of .85? 



II. HYDRAULICS. 

Hydraulics treats of liquids in motion. In this^ as in 
Hydrostatics, water is taken as the type. In theory, its 
principles are those of falling bodies, but in practice they 
cannot be relied upon except when verified by experiment. 
The discrepaucy arises from changes of temperature which 
vary the fluidity of the liquid, from friction, the shape of 
the orifice, etc. 

1. Utiles Concerning a Jet. — (1.) The velocity of 

A JET IS THE SAME AS THAT OF A BODY JfAJAlNQ FROM 

THE SURFACE OF THE WATER. We Can SCO that this must 
be so, if we recall two principles : First, " a jet will rise to 
the level of its source ; " and second, " to elevate a body to 
any height, it must have the same velocity that it would 
acquire in falling that distance.'^ It follows that the 
velocity of a jet depends on the height of the liquid above 
the orifice. 

(2.) To FIIS^D THE VELOCITY OF A J ET OF WATER, USC the 

8th equation of falling bodies, ^= V^ gd, in which d is 

5 
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the distance of the orifice below the surface of the water. 
Ex. : The depth of water above the orifice is 64 feet ; re- 
quired the velocity. Substituting, V = V2 x 32 x 64 = 64 
feet. 

(3.) To FIND THE QUANTITY OF WATER DISCHABGED IN 

A GIVEN TIME, multiply the area of the orifice by the veloc- 
ity of the water, and that product by the number of seconds. 
Ex. : What quantity of water will be discharged in 6 seconds 
from an orifice having an area of ^ sq. foot, at a depth of 
16 feet ? At that depth, F = \/2 -x 32 x 16 = 32 feet 
per second ; multiplying by ^, we have 16 cubic feet dis- 
charged in one second and 80 cubic feet in five seconds.* 

In practice about f of this can be realized. 

« 

2. Effect of Tubes. — If we examine a jet of water, we 
see its size is decreased just outside the orifice to about two- 
thirds that at the opening. This neck is called the veiia 
contracta, and is caused by the water producing cross cur- 
rents as it flows from different directions toward the orifice. 
If a tube of a length twice or thrice the diameter of the 
opening be inserted, the water will adhere to the sides so 
that there will be no contraction, and the flow be increased 
to about 80 per cent, of the theoretical amount. If the tube 
be conical, and inserted with the large end inward, the dis- 
charge may be augmented to 95 per cent. ; and if the outer 
end be flaring, it will x'each 98 per cent. Long tubes or 
short angles, by friction, diminish the flow of water. It 
is said that an inch pipe 200 feet long will discharge only 
I as much as a very short pipe of the same size. 

3. Flow of Water in Rivers. — ^A fall of three inches 
per mile is sufficient to give motion to water, and produce a 
velocity of as many miles per hour. The Ganges descends 
but 800 feet in 1,800 miles. Its waters require a month to 

* If, at a foot below the Burfitce, an opening will ftumish 1 gaDon per minute, to 
aonble that quantity the opening mnet be 4 feet below the top. Again, if a certain 
power will force throagh a nozzle of a fire-engine a given quantity of water in a 
minute, to double the quantity the power must be quadrupled (p. 86). 
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move down this long inclined plane,* A fall of 3 feet per 
mile will make a. monntain torrent. The current moTes 
more swiftly at the centre than near the shores or bottom of 
a channel, since there is less friction. 

4. "Water-wheels are machines for using the force of 
falling water. By bauds or cog-wheels the motion of the 
wheel is conducted from the axle into the milLf 

The OvEBSHOT-wHEEL has on its circumference a series of 
buckets which receive the water flow- 
ing from a sluice, C. These hold the Pm- 85. 
water as they descend on one side, 
and empty it as they come np on the 
other. Overshot- wheels are valuable 
where a great fall can be secured, 
since they require but little water. 
If P denotes the weight of the water 
and 4 the distance it falls, then the 
total work = Pd. Of this amount 
75 per cent, can be made available. 

The Ukdebshot-whbel has projecting boards or floats, 
which receive the force of the current. It is of use where 
there is little fall and a large quantity of water. It utilizes 
about 35 per cent, of the force. 




• "Tbe AH of nOD ftvonU theoreClodl; give it Telodtfor more IhiD IGOi 
par boor. Thli la reduced b; friction to ibont 8 mllet." 

t Tbepriadplelnltutotnleverwllb thePBCtlnEon tlieabortirm. Td UiIb 
the movement of the slow eresklng axle reippHn ta Ibe awUtl; bocilng al 
Sjtug aplndle (p. 71). 
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The Breast-wheel (Fig. 87) Ib a medium betpnreen the 
two kinds already named. 

The Turbine- WHEEL is placed honzontally aud immersed 
in the water. In Fig. 88, C is the dam and DA the spout 
by which the water 
'"■ **■ is fnrnished. E ia 

a scroll-like casing 
encircling the 
wheel, and open at 
the centre above 
and below. The 
axis of the wheel is 
the cylinder/, from . 
wh i ch rad i ate pi ane- 
floats against which 
the water strikes. 
To confine the wa- 
ter at the top and 
the bottom, is a 
circular disk at- 
tached to the cyl- 
inder and the floats. 
In these disks are 
the swells project- 
ing above and below for discharging the water. They com- 
mence near the cylinder, and swelling outward scroll-shaped, 
form openings curved toward the cylinder, thus emptying 
the water in a direction opposite to that in which it enters 
the wheel. This form utilizes as high as 90 per cent, of 
the force. F is a band-wheel which conducts the power to 
the machinery. 

The principle of the unbalanced pressure of a column 
of water may also be employed. It is illustrated in the old- 
fashioned ^rker's Mill or Reaction-Wheel.* This consistB 
of an upright cylinder with horizontal arms, on the opposite 
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aides of which are small apertures. ^Tjl'KMif in a socket, eo 
as to revolve freely. Water is supplied (toftjfft tank above. 
If the openings in the arms are closed, wheti a;b!e ejliiider is 
filled with water the pressure is equal in all dfrectitms and 
the machine is at rest. If now we '-. .■".-'■. 

open an aperture, the pressure is re- ^^- *- '-.- •;'i 

lieved on that side, and the ■ , 

back from the unbalanced p: 
the column of water above, 

6. "Waves are produce' 
friction of the wind againsl 
face of the water. The w 
the particles of water am 
draws them back again, 1 
vibrate up and down, but d 
vance.* The forward mo> 
the wave is an illusion, Th 
the wave progresses, hut not 
of which it is composed, 
than the thread of the screw 
turn in our hand, or the ut 
of a rope or carpet which 
is shaken, or the stalks 
of grain which bend in 
billows as the wind sweeps 
over them. 

The corresponding 
parts of different waves 
are said to be like piloses. 
The distance between two like phases, or between the crests 

can HsUjr conBtivct a Kowliaa.wlieal of BtraivB or gnltle, pouring Ibe witer iDto the 
nprl^bt tube hy mnnt of a pltcber or admilting It slow]; Itirongh ■ Blphan from ■ 
ptdt or water placed on a table above. 

* Hear tbe ;hore the atdllatlODB are shorter, and the warei nnbalaDCed b; the deep 
water, are forced forward llU ttie lower part of each one le checked l>r the frictloo on 
the sandj beach, the front bBcomea well-nigh vertical, and the upper put earl* orer 
■nd (aHi befond. The size of "monntaln hlllowe" has been exaggerated. Along 
the coaFl they may reach W feet, bnt In the open aea [he highest wave, ttom the 
deepest " trough " to the very topmost " orent," rarely meaanrea over 30 feel. 
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valve^ P^ in the piston^ also opening upward. Suppose the 
piston is at the bottom and both valves shut. Let it now 
be raised, and a vacnum will be produced in the cylinder ; 
the expansive force of the atmosphere in the receiver will 
open the valve E and drive the air through to fill this empty 
space. When the piston descends, the valve E will close, 
while the valve P will open, and the air will pass up above 
the piston. On elevating the piston a second time, this air 
is removed from the cylinder, while the air from the re- 
ceiver passes through as before. At each 
stroke a portion of the atmosphere is drawn 
off; but the expansive force becomes less 
and less, until finally it is insufficient to 
lift the valves. For this reason a perfect 
vacuum cannot be obtained. 

2, The Condenser, in construction, is 
the reverse of the air-pump. It is u/sed to 
force into a vessel an increased quantity 
of air.* 

3, Properties of Air. — (1.) Wejght. — 
Exhaust the air from a flask which holds 
100 cubic inches, and then balance it. On 

turning the stop-cock, the air will rush in with a whizzing 
noise and the flask descend. It will require 31 grains to 
restore the equipoise, f 




* The practical applicatioiiB of this pnmp are nnmeroos. The soda mannfiictarer 
nses it to condense carbonic acid in soda-water reserroirs.— The engineer employs it 
in laying the foundations of bridges. Large tnbes or ccAswns are lowered to the 
bed of the stream, and air being forced in, drives ont the water. The workmen are 
let into the caissons by a sort of trap, and work in this condensed atmosphere with 
increased ease.— Pnenmatic despatch-tnbes contain a kind of train holding the mail, 
and back of this a piston fitting the tube. Air is forced in behind the piston or ex- 
hausted before it, and so the train is driven through the tnbe at a high speed.— In the 
Westinghonse air-brake, condensed air is forced along a tube running underneath 
the cars, and by its elastic force drives the brakes against the wheel. 

t Hermetically close one end of a piece of iron gas-pipe, and fit a stopcock to the 
other. With a condenser crowd into the tube several atmospheres. Weigh the tube 
in a grocer^s balance. Turn the stop-K^ock and let the air escape. Then the beam 
will rise. The amount of the weights required to be added to restore the equilibrium 
will show the weight of the condensed air. 
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(2.) Elasticity is shovn in a pop-giin. We compress 

the atmosphere in the barrel until the elastic force drives 

out the stopper with a loud report. As we crowd down 

the piston we feel the elasticity of the air yielding to our 

strength, like a bent spring.— The bottle-imps, or Cartesian 

dlTers, illustrate the same property. Fig, 93 represents a 

simple form ol this apparatus. The cover 

of a (mit-jar is fitted with a tin tube, which ^"'- •'■ 

is inserted in a syringe-bulb. The jar is 

filled with water and the diver placed 

within. This is a hollow image of glass, 

having a small opening at the end of the 

curved taH. If we squeeze the bulb, the mr 

will be forced into the jar and the water 

will transmit the pressure to the air in the 

image. This being compressed, more water 

will enter, and the diver will descend. 

On relaxing the grasp of the hand on the 

bulb, the air will i-etnm into it, the air in 

the image will expand, by its elastic force 

driving out the water, and the diver, thus 

lightened of his ballast, will ascend. The 

nearer the image is to the bottom, the less 

force will be required to move it. With a 

little care it can be made to respond to the slightest pres- 
sure, and will rise and fall as if instinct 
with life,* 

(3.) Expansibility. — Let a well-dried 
bladder be partly filled with air and 
tightly closed. Place it under the re- 
ceiver and exhaust the air. The air in 
the bladder expanding will burst it into 
shreds. 
Take two bottles partly filled with 

• This ezperimsnt ebowe iIhi ttas bDajam force ol 
praHOTQ In Hverj dlrectton, the incKABA of the preHa 
•sd ihB principle ar Barker's 1C1I1. (See nou, p. lis.; 
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Fxe. gs. 




Fig. 96. 



colored water. Let a bent tube be inserted tightly in A and 

loosely in B. Place this apparatus 
under the receiver and exhaust the air. 
The expansive force of the air in A will 
drive the water over into B. On re- 
admitting the air into the receiver, the 
pressure will return the water into A. 
It may thus be driven from bottle to 
bottle at pleasure.* 
Hero's fountain acts on the same principle, 
as may be seen by an examination of Fig. 96. 
Having removed the jet-tube, the upper globe 
is partly filled with water. The tube being 
then replaced, water is poured into the basin 
on top. The liquid runs down the pipe 
at the right, into the lower globe. The air 

in that globe is driven 
up the tube at the 
left, into the upper 
globe, and by its elas- 
ticity forces the wa- 
ter there out through 
the jet-tube, forming 
a tiny fountain. 

4, Pressure of the 
Air.— (1.) The Proof. 
— If we cover a hand-glass with one 
hand, as in Fig. 97, on exhausting 
the air we shall find the pressure painful, f Tie over one 
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* Prick a hole in the email end of an egg and place the egg with the big end np 
in a wine-glass. On exhausting the receiver, the bubble of air in the npper part of 
the egg will drive the contents down into the glass, and on admitting the air they 
will be forced back again. 

t The exhaustion of the air does not produce the pressure on the hand ; it simply 
rtveaU it. The average pressure on each person is 16 tons. It is equal, however, 
on all parts of the body and is counteracted by the air within. Hence we never 
notice it Persons who go up high mountains or go down in diving-bells fee) the 
change in the pressure, 
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end of the glaas a piece of wet bladder. When dry, exhaust 
tlie air, and the mem- 
brane will burst with a 
shaj^ report.* 

The Magdeburg Hemi- 
spheres are named from 
the city in which Guer- 
icke, their inventor, re- 
aided. They consist of 
two small brass hemiapheres, which fit cloaely together, but 

may be separated at pleasure. If, how. 
^"- *■ ever, the air be exhaust«d from within, 

aeveral persons will be required to pull 

them apart t In 

whateverposition '"■ *""■ 

the hemispheres 

are held, the pres- 
sure ia the same. 
(3.) Upward 

PEE8SUEE. — Pill 

a tumbler with water, and then lay 
a sheet of paper over the top. 
Quickly invert the glaas, and the 
water will be supported by the up- 
ward pressure of the air. — Within 
the glaas cylinder. Fig. 100, is a 
piston working air-tight. Connect 
C with the pump by a rubber tube - 

* To ibow tba cnuhlDg ftine or Uie itmoiphere, Uks a Un cylinder IE Incliei 
loDj; asd 4 lochea In diameter. Fit one end vlUi » «Cap.cock or merely leave a hole 
ror tfae exit of the Bteam. Pel In a little water and boll. When the sir 1b eutlrelj 
driven nut. tnm the stop^cock or cIobb Iba opening with a bit oT Bolder. Foar cold 
water over the outbids to condeuu the steam, when the cylinder will collapee as It 
(truck by a heavy blow. 

t In the Mneeam at Berlin the hemlepheree need by Qnerlcka In bin eiperimenti 
are preeerred. They are of copper, and, by the author's meaeureinentB, S9 inches 
interior diameter wltt^ a flange an Inch wide, making the eatire diameter S feet. 
AccompanylDg Is a Latin book by Ihe hnrgomaeter describing nnmerons pneumatic 
eiperlmenla which he had perfbrmed, and containing a wood-cnl representing three 
spaas of hotses on «ach aide trying to separate the hemispheres. 
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and exhaust the air. The weight will leap up as if oaaght 
by a spring. 

(3.) Buoyant Foeoe of the Air. — The law of Arehi- 
medeB (p. 93) holds true in gaseB. Smoke aud other light 
substances float in the air, as wood does in water, because 
they axe lighter and are buoyed with a force equal to the 
weight of the air they displace. A hollow sphere of copper, 
Fig. 101, is balanced in the air by a solid lead weight, but 
it instantly falls on being placed under the receiver and the 
fm. 101. Vis. un. 



air exhausted. This shows th: 
weight was partly sustained b; 
buoyant force of the air. 

(4.) The presscee op thi 
sustains a column of mebcul 
inches high, op watee 34 
high, and is 15 lbs. pee squab 
INCH. Take a strong glass tnl 
about three feet in length, an 
tie over one end a piece of Wf 

bladder. When dry, fill the tube with mercury, and invert 
it in a cup of the same liquid. The mercury will sink to a 
height of about 30 inches. If the area of the tube be one 
inch, the metal will weigh about 15 lbs. The weight of the 
column of mercury is equal to the downward pressure on 
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each aqnare inch of the surface of the mercury in the cup. 
Hence we conclude that the 

prcBsnre of the atmosphere *^- "■*■ ^^- "'*■ 

is 15 Ibe. per square inch, 
aad Till balance a column 
of mercury 30 inchea hjgli. 
Ab vater is 13^ times light- 
er than mercury, the same 
pressure vonld balance a 
column of tliat liquid 13^ 
times higher, or 33 J feet.* 

(5.) Peessube of the 
AiE vAKiES-t Changes of 
temperature, moisture, etc^ 
constantly vary the weight 
of the air, and change the 
height of the column of 
liquid it can support Tlie 
pressure of the air also 
increases with the depth. 
Hence, in a valley its 
weight is greater than on 
a mountain. The figures 
given in the last paragraph 
apply only to the level of 
the sea and a temperature 
of 60° F. Tliey are the 
standards for reference. 

(6.) Mabiotte's Law. — Pig. 103 represents a long, bent J 

• Poor <iQ tbe mercarr la Uie cap (Sig. IW a little waMr eolored witli rad Ink. 
Then ix\te the end of the tnbe above the siufsce of tbe metal, but not aboTe that of 
the miler which wUI rise In the tnbe. the mercury passing down tn be»utlfQllr-l>e«ded 
glabnlee. The mercarlal colnniii Is only 80 Inches blsb. while the water will ftll Oie 
tube. Finish the expeilmeni by puncturing tbe bladder with a pin. nbeh the water 
will InslaDtly tall to Che cnp below. 

t We liie at the bottom of an aSrlal ocean whose ilepth ie many times that of ibe 
deepest sea. lie lovlelble tides surge ronnd ns on every side. Hore reeUess than 
the sea, lie waves beat to and fro. and neier know a calm. 

t By canllonely iDcllofng tbe appenlne, when a little air will escape, and addli^ 
more mensnry It needed, the Uqold can be made to aUnd at nio in both aima. 
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Pig. 105. glass tube with the end of the short arm closed. 
jfl^ Pour mercury into the long arm until it rises to 
^P'^ the point marked zero. It stands at the same 
height in both arms, and there is an equilibrium. 
The air presses on the mercury in the long arm 
with a force equal to a column of mercury 30 
inches high, and the elastic force of the air con- 
fined in the short arm is equal to the same amount. 
Now pour additional mercury into the long arm 
until it stands at 30 inches above that in the short 
arm (Fig. 104), and the pressure is doubled. In 
the short arm, the air is condensed to one-half its 
former dimensions, and the expansive force is also 
doubled.* We therefore conclude that the elas- 
ticity of a gas increases, and the volume diminishes 
in proportion to4he pressure upon it. 

(7.) The Barometeb is an instrument for 
measuring the pressure of the air. It consists 
essentially of the tube and cup of mercury in 
Fig. 102. A scale is attached for convenience of 
reference. The barometer is used {a) to indicate 
the weather, and {b) to measure the height of 
mountains. 

It does not directly foretell the weather. It 
simply shows the varying weight of the air, from 
which we must draw our conclusions. A con- 
tinued rise of the mercury indicates fair weather, and a con- 
tinued fall, foul weather, f Since the pressure diminishes 
above the level of the sea, the observer ascertains the fall of 



* The force with which the fljring molecules of air (note, p. 60) beat against the 
walls of any confining vessel will increase with the diminntion of the space through 
which they can pass. If we give them only half the distance to fly through, they will 
strike twice as often and exert twice the pressure. 

t Mercury is used for filling the barometer because of its weight and low ft*eezing- 
point. It !s said that the first barometer was filled with water. The inventor, Otto 
von Guericke, erected a tall tube reaching f^om a cistern in the cellar up through the 
roof of his house. A wooden imi^ was placed within the tube, floating upon the 
water. On fine days, this novel weather-prophet would rise above the roof-top and 
peep out upon the queer old gables of that ancient city, while in foul weather hQ 
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the mercnry in the barometer, and the temperature by the 
thermometer ; and then, by reference to tables, determines 
the height. 

5. Pumps. — (1.) The Lifting-pump contains two valves 
opening upward — one, a, at the top of the suction-pipe, B ; 
the other, c, in the piston. Suppose the handle to be raised. 



the piston at the bottom of the cylinder and both valves 
closed. Now depress the pump-handle and elevate the pis- 
ton. This will produce a partial vacuum in the suction- 
pipe; The pressure of the air on the surface of the water 
below will force the water up the pipe, open the valve, and 

would retire to the protection of the garret. The accnntcy of tbeee moTementa 
Htractad the attention of the neighbors. Fliifllly, becoming easpldaiiB of Otto'a 
plet;, the J HCcaaed him of being In leagae with the deilt. So the ofl^ndlng philoio- 
pber relieved tble wicked wooden mui tima longer dandog Utuidaoce upon Uia 
wwtber, and Ihs KItiA old city waa once more at peace. 
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partly fill the chamber. Let the pump-handle be ele- 
vated again, and the piston depressed. The valve a will 
then close, the valve c will open and the water will rise 
above the piston (Fig. 107), When the pump-handle is 

lowered the second time and the piston elevated, the water 
is lifted up to the spout, whence it flows out ; while at the 
same time the lower valve opens and the water is forced up 
from below by the pressure of the air (Fig. 108).* 

(3.) The FoECB-PUUP has no valve in the piston. The 
water rises above the lower valve as in 
^^- "*■ the lifting-pump. When the piston de- 

scends, the pressure opens the valve and 
forces the water up the pipe D. This 
pipe may be made of any length, and thus 
the water driven to any height. 

(3.) The FiRE-ENOiNi: consists of two 
force-pumps with an air-chamber. The 
water is driven by the pistons m, n, alter- 
nately, into the chamber E, whence the 
air, by its expansive force, throws it out 
in a continuous stream through the hose- 
pipe attached at Z (Fig. 110). 

6. The Siphon is a U-shaped tube, 
having one arm longer than the other. 
Insert the short arm in the water, and 
then applying the mouth to the long 
arm, exhaust the air. The water will flow 
from the long arm until the end of the 
short arm is uncovered, f 

• If IbBvalveiBadplilonwe™ fitted Mr-tight, the waler eoold be ratoed 84 feet 
(more eiactlr 18( Umee tbe helghl of the barometric column) In tbe lover valve, bat 
owing to virloiu Imperrectiong It commoDlT reacbee ftbonl 18 feeL For a aimUsr 
reuon we Bometlmee find a doiea Btrokee Dececurr to " bring wMer." 

i An Instracllvc experiment tna; be given If vre allow tbe water lo ran IVom ooe 
tnmbler Into anotbernnlUJoBt before the Bowceaeee; tben qnlcklj elevsle Uie )tla« 
containing tbe lonK arm, i-arefnll; keeping botb endi of the alpbon ondertbe water, 
when the flow wUl Ml back lo tbs first tnmbler. Thiu we may allenale imtU w« 
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Thboet 
Siphon.— Tl: 
sure of the 
holds up the 
of water a b, 
upward pre 
the weight o 
leee the weigl 
column of w 
The upward 
at d is the 
weight of 
the air 
Qiinug the 
weight of 
the column 

lee that the mt« floira to the lower level, and ceaees vbenever tt reacheB the u 
ICTSl In bolh g)aiait. It win add (o the heBnt; or thin as well w of many ot 
Bxperlmsnti, to color ttie water wllh aftw acalea oT magenta, or Willi red Ink. 
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of water c d. 'Sow c d is less thtta a h, and the water in 

the tnbe is driven toward the 

'*"■"*■ longer arm by a force eqnal to 

the difference in the weight of 

the two arms. 

7. The Pneuinatio Inkstand 
can be filled only when tipped eo 
that the nozzle is at the top. 
The pressure of the air will retain 
the ink when the stand is placed 

upright When need below o, a bubble of air passes in, 

forcing the ink into the nozzle. 

8. The Hydraulic Ram is a machine for raising water 
where there is a slight falL The water enters through the 




pipe A, fills the reservoir B, and lifts the valve D, As that 
closes, the shock raises the valve E and drives the water 
into the air-chamber G. D falls again as soon as -an equi- 
librium is restored, A second shock follows, and more 
water is thrown into G. When the air in G is sutQciently 
condensed, its elastic force drives the water through the 
pipe H. 

9. The Atomizer is used to turn a liquid into spray. 
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The blast of air driTen from the rubber bulb, as it pasees 

over the end of the upright 

tube, sweeps along the neigh- Fia. ih. 

boring molecules of air and 

produces a partial vacuum in 

the tube.* The preeaure of 

the air in tho bottle drives 

the liquid up the tube, and 

at the month the blast of air 

carries it o& in fine drops. 

The action of a current of 
air in drag^ng along with it 
the adjacent still atmosphere 
and so tending to produce a 
vacuum, is shown by the ap- 
paratus represented in Fig. 115. A globe, a, is connected 



L 



u\ 



• In looiniotlTW, thin piioclpte oT tbe adheBlon ol gaeee lo gitet 1> applied to 
produce a, dr&It. The wiite eteim 1b tbrowa into tbe smoke-pipe, and this CDrrent 
■*eepi oir Che tmalia from Uie fire, while the preeinre of the atmosphere oDttlde 
toree» the sir Uuough the famace and loireaees the oomhuetlon,— A hmlllar lUns. 
tiatlOD ma; be devlted by taking tvo discs of catdboatd, the tower one fitted with a 
qnlll, and Uie npper one merelr kept from Blidlne off bj a pin throat throngb It and 
extending Into the qnUl. The mote fordbl; atr Is driven through tbe qolll against 
the nppar disc, the more Ormly It will be held to Its place. Bee article " Ball Para- 
dox," tn Aifnilar Sckaa Mimtliiy, April, 1917.— Faradaj need \a Ulnstrale the prin- 
dptflthiu: Hold tbe baod out flat wilb tbe llueers extended and pressed together. 
Place imdeniealh a piece or paper two inches s^tnaie. Blow mrongh tbe opening 
betweeo the index and llui middle flii8«r, and «o kmz ai the oumit is panliig Ibu 

P^MTWlDDMblL 
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with a horizontal tnbe^ c, containing colored water. Close 
the opening d with the finger^ and with the month at b 
draw the air out of the globe. A slight rarefaction will 
cause the liquid, by the pressure of the air at the opening/, 
to be forced into a. Now, if, instead of drawing the air 
out at J, a jet of air be forced through the tube and out at 
d, the same effect will be produced. 

10, Height of the Air. — Three opposing forces act 
upon the air, viz. : gravity, which binds it to the earth, and 
the centrifugal and repellent forces, which tend to hurl it 
into space. There must be a point where these balance. At 
the height of 3.4 miles the mercury in the barometer stands 
at 15 inches, indicating that half the atmosphere is within 
about 3i miles of the earth's surface. The height of the 
atmosphere is variously stated at from 50 to 500 miles. 

PRACTICAL QUESTIONS.— 1. Why mnst we make two openings in a barrel of 
cider when we tap it f S. What is the weight of 10 cubic feet of air f 8. What is 
the pressure of the air on 1 square rod of land f 4 What is the pressure on a pair 
of M agdebnrg hemispheres 4 inches in diameter f 6. How high a column of water 
can the air sustain when the barometric column stands at S8 inches f 6. If we should 
add a pressure of two atmospheres (80 lbs. to the square inch), what would be the 
volume of 100 cubic inches of common air ? 7. If, while the water is running through 
the siphon, we quickly lift the long arm, what is the effect on the water in the siphon f 
If we lift the entire siphon ? 8. When the mercury stands at 89| inches in the 
barometer, how high above the sur&ce of the water can we place the lower pump- 
valve ? 9. Can we raise water to a higher level by means of a siphon ? 10. If the 
air in the chamber of a fire-engine be condensed to ^ its former bulk, what will be 
the pressure due to the expansive force of the air on every square inch of the air- 
chamber ? 11. What causes the bubbles to rise to the sur&ce when we put a lump 
of loaf-sugar in hot tea ? 12. To what height can a baUoon ascend ? What weight 
can it lift? 18. The rise and fiUl of the barometric column shows that the air is 
lighter in foul and heavier in fi&ir weather. Why is this? Am, Vapor of water is 
only half as heavy as dry air. When there is a luge quantity present in the atmos- 
phere, displacing its own bulk of air, the weight of the atmosphere will be cor- 
respondingly diminished. 14. VHien smoke ascends in a straight line from chimneys, 
is it a proof of the rarity or the density of the air? 16. Explain the action of the 
common leather-sucker. 16. Did you ever see a bottle really empty f 17. Why is it 
so tiresome to walk in miry clay? Ans. Because the upward pressure of the air is 
removed from our feet. 18. How does the variation in the pressure of the air afRect 
those who ascend lofty mountains ? Who descend in diving-bells ? 19. Explain the 
theory of ^* sucking cider ^^ through a straw. 90. Would it make any difference in 
the action of the siphon if the limbs were of unequal diameter? SI. If the receiver 
of an air-pump is 5 times as large as the barrel, how many strokes of the piston will 
be needed to diminisk the air nearly one-half? 22. What would be the effect 
of making a small hole in the top of a diving-beU while in use? 28. The pressure 
of the atmosphere being 1.08 kg. per sq. cm., what is the amount on 1 are ? On U) 

metres t 
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SUMMARY. 

Hydrostatics treats of the laws of eqnilibritun in liquids. Pres- 
snre is transmitted bj liquids equally in every direction. Water thus 
becomes a ** mechanical power/' as in the ** Hydraulic Press." Liquids 
acted on by their weight only, at the same depth, press downward, 
upward, and sidewise with equal force. This pressure is independent 
of the size of the vessel, but increases with the depth. Wells, springs, 
aqueducts, fountains and the water-supply of cities illustrate the ten- 
dency of water to seek its level. The ancients understood this law, 
bat had no suitable material for making the immense pipes needed ; 
just so the art of printing waited the invention of paper. Si>ecific 
gravity, or the relative weights of the same bulk of different sub- 
stances, is found by comparing them with the weight of the same 
bulk of water. This is easily done, since, according to the law of 
Archimedes, a body immersed in water is buoyed up by a force equal 
to the weight of the water displaced ; i. e., it loses in weight an amount 
equal to that of the same bulk of water. Hence spec. grav. = 

ixr^ifi^ht in air 

— . , ■ . — ;-^ . , . . r-. A floating body displaces only its 

weight m air — weight in water o .^ *- j 

weight of liquid. This explains the buoyancy of a ship, why a 

floating log is partly out of water, and many similar phenomena. 

Sydraulics treats of moving liquids. The laws of falling bodies 
in the main apply. So that a descending jet of water will acquire the 
same velocity that a stone would in falling to the ground from the sur- 
face of the water; and an ascending jet would need to have the same 
velocity in order to reach that height. The quantity of water dis- 
charged through any orifice equals the area of the opening multiplied 
by the velocity of the stream. The chief resistance to the motion of a 
liquid is the friction of the air and against the sides of the pipe, and, 
in the case of rivers, against the banks and bottom of the channel. 
The force of falling water is utilized in the arts by means of water 
wheels. There are four kinds— overshot, undershot, breast, and tur- 
bine. The principles of wave motion, so essential to the understanding 
of sound, light, etc., are easiest studied in connection with water. A 
stone let fall into a quiet pool sets in motion a series of concentric 
waves, whose particles merely rise and fall, while the movement 
passes to the outermost edge of the water, and is then transmitted to 
the ground beyond. The velocity of the particles is much less than 
that of the wave itself. A handful of stones acts in the same way. 
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but sets in motion many series of waves. Hence arise the phenomena 
of interference. 

IPneutnaties treats of the properties and the laws of eqailibriniii 
of gases. The air being composed of matter, has all the properties we 
associate with matter, as weight, indestractibilitj, extension, compres- 
sibility, etc. In addition, it is remarkable for its elasticity.* The 
elasticity of the air, according to Mariotte's (and Boyle's) law, is 
inversely proportional to its volume, and that is inversely proportional 
to the pressure upon the air ; both heat and pressure increasing the 
elasticity of a gas. The air, like other fluids, transmits the weight of 
its own particles, as well as any outside pressure, equally in every 
direction ; hence the upward pressure or buoyant force of the atmos- 
phere. A balloon rises because it is buoyed up by a force equal to the 
weight of the air it displaces. It floats in the air for the same reason 
that a ship floats on the ocean. When smoke falls it is heavier, and 
when it rises it is lighter than the surrounding atmosphere. The air- 
pump is used for exhausting the air from, and the condenser for con- 
densing the air into, a receiver. A vacuum in which there remains 
o^^7 T ooioo v ^^ ^^® atmosphere can be obtained by means of Spren- 
gel's air-pump, which acts on the principle of the adhesion of the air 
to a column of falling mercury. The average weight of the air being 
15 lbs. to the square inch, equals that of a column of water 34 feet, 
and of mercury 30 inches or 760 millimetres high. This amount varies 
incessantly through atmospheric changes caused by alterations in the 
wind, heat of the sun, etc. The barometer measures the weight of the 
atmosphere, and is used to determine the height of mountains and the 
changes of the weather. The action of the siphon, the pneumatic ink- 
stand, and of the different kinds of pumps, is based upon the pressure 
of the air. 

* The elaeticity of the air, as well ae the principles explained by the Cartesian 
diver, Fig. 98, may be illustrated in the following simple manner : Fill with water a 
wide-moath, S-os. botUe, and also a tiny vial, snch as is nsed by homoeopathists. 
Invert the vial and a few drops of water will mn out Now put it inverted into the 
bottle, and if it does not sink Just below the snrfiice and there float, take it ont and 
add or remove a little water, as may be needed. When this result is reached, cork 
the bottle so that the cork touches the water. Any pressure on the cork will then be 
tranamitted to the air in the vial, as in the image in Fig. 98. 
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HISTORICAL SKETCH. 

ffydrostatics is comparatively a modem science. The Romans had 
a knowledge of the fact that ** liquids rise to the level of their source," 
but they had no means of making iron pipes strong enough to resist 
the piessnre.* They were therefore forced to cany water into the 
imperial city by means of enormous aqueducts, one of which was 63 
miles long, and was supported by arches 100 feet high. The ancient 
Egyptians and Chaldeans were probably the first to investigate the 
most obvious laws of liquids from the necessity of irrigating their 
land. Archimedes, in the 3d century B. C, invented a kind of pump 
called Archimedet^ Screw, demonstrated the principle of equilibrium, 
known now as **ArcMmed6it Law" (p. 117), and found out the method 
of obtaining the specific gravity of bodies. The discovery of the 
last is historical. Hiero of Syracuse suspected that a gold crown 
had been fraudulently alloyed with silver. He accordingly asked 
Archimedes to find out the fact without injuring the workmanship of 
the crown. One day going into a bath-tub full of water, the thought 
struck the philosopher that as much water must run over the side as 
was equal to the bulk of his body. Electrified by the idea, he sprang 
out and ran through the streets, shouting: "Eur^al" (I have 
found it I) 

The ancients never dreamed of associating the air with gross mat- 
ter. To them it was the spirit, the life, the breath. Noticing ho«^ 
the atmosphere rushes in to fill any vacant space, the followers of 
Aristotle explained it by saying, " Nature abhors a vacuum." This 
principle answered the purpose of philosophers for 2,000 years. In 
1640, some workmen were employed by the Duke of Tuscany to dig 
a deep well near Florence. They found to their surprise that the 
water would not rise in the pump as high as the lower valve. More 
disgusted with nature than nature was with the vacuum in their 
pump, they applied to Galileo. The aged philosopher answered — 
half in jest, we hope, certainly he was half in earnest — "Nature 
does not abhor a vacuum beyond 84 feet." His pupil, Torricelli, how- 



* The andent engineers sometimes ayailed themselves of this principle. Not far 
from BacheTd Tomb, Jerasalem, are the remains of a conduit once used for supply- 
ing the city with water. The valley was crossed by means of an inverted siphon. 
The pipe was about two miles long and fifteen inches in diameter. It consisted 
of perforated blocks of stone, ^nnd smooth at the Joints, aod t^9t9i)ecl with a hwd 
^em^nt. 
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ever, discovered the secret He reasoned tliat there is a force which holds 
up the water, and as mercury is 13^ times as heavy as water, it would 
sustain a column of that liquid only 33 feet -t- 13^ = 30 inches high. 
Trying the experiment shown in Fig. 102, he verified the conclusion 
that the weight of the air is the unknown force. But the opinion was 
not generally received. Pascal next reasoned that if the weight of 
the air is really the force, then at the summit of a high mountain it 
is weakened, and the column would be lower. He accordingly car- 
ried his apparatus to the top of a steeple, and finding a slight fall in 
the mercury, he asked his brother-in-law, who lived near Puy de Ddme, 
a mountain in Southern France, to test the conclusion. On trial, it was 
found that the mercury fell 3 inches. **A result," wrote Perrier, 
** which ravished us with admiration and astonishment." Thus was 
discovered the germ of our modem barometer, and the dogma of the 
philosophers soon gave place to the law of gravitation and our present 
views concerning the atmosphere. 

Consult Pepper's "Cyclopaedic Science"; Bert's "Atmospheric 
Pressure and Life," in Popular Science Monthly. Vol. XI, p. 316 ; 
' ' Appleton's Cyclopsedia," Articles on Hydromechanics, Atmosphere, 
Pneumatics, etc. Delaunay, " Mecanique Rationnelle"; Boutan et 
jy Almeida, "Cours de Physique"; Miiller, " Lehrbuch der Physik 
und Meteorologie"; Mtiller, "Lehrbuch der Eosmischen Physik"; 
WtiUner, "Lehrbuch der Experimental-Physik "; Mousson, "Die 
Physik auf Grundlage der Erfahrung"; Beetz, "Leitfaden der 
Physik"; Kuelp, " Die Schule des Physikers." 

On the theory of Wave-Motion, and the subjects of Sound and 
Light, which are now to follow, consult Lockyer's " Studies In Spec- 
trum Analysis"; Lloyd's "Wave Theory"; Taylor's '* Sound and 
Harmony"; Blaserna's "Theory of Sound in Relation to Music"; 
Tyndall's "Sound" and "Light"; Lockyer's "Water-waves and 
Sound-waves " in Popular Science Monthly, Vol. XHI, p. 166 ; Shaw's 
" How Sound and Words are Produced," in Popular Science Monthly, 
Vol. Xm, p. 43; Schellen's "Spectrum Analysis"; Airy's Optics; 
Lockyer's Spectroscope ; Chevreul's Colors ; Spottiswoode's " Polariza- 
tion of Light"; Lommers " Nature of Light"; Helmholtz's " Popular 
Lectures on Scientific Subjects " ; "Appleton's Cyclopaedia," Articles 
on Sound, Light, Spectrum, Spectrum Analysis, Spectacles, Heat, etc. ; 
Stokes's "Absorption and Colors," and Forbes's "Radiation," in 
Science Lectures at South Kensington, Vol. I ; Mayer and Barnard's 
Light ; Draper's " Popular Exposition of some Scientific Experi- 
ments," in Harper's Magazine for 1877 ; Core's " Modem Discoveries 
in Sound," in Manchiester Science Lectures, '77-8 ; Dolbeare's "Art of 
Projecting"; Draper's "Scientific Memoirs"; Steele's Physiolo^. 
Section on Sight, pp. 187-196. 



VI. 



** Science ought to teach us to see the invisible as well as the visible in 
nature : to picture to our mind's eye those operations that entirely elude the 
eye of the body ; to look at the very atoms of matter ^ in motion and in rest^ 
and to follow them forth into the world of the senses** — ^Tyndall. 
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ANALYSIS. 



1 PRODUCTION OF SOUND. 



(l.)ThToagli air. 
(3.) In a vacuum. 



(3.) Velodty. 



2. TRANSMISSION OF ^ 
SOUND. 



(4) Intexudtj. 



8. REFRACTION OF SOUND. 

f (1.) Law of. 
),) Eclioes. 



^ (a.) Depends an 

tduUt 
(b.) Bate in air. 
(c.) BaUintoater, 
(d.) BaUinedUds, 
(e.) Velocity is 

untfarm. 
(f .) Used to find 

distance, 
(a.) Depends on 

what? 
(b.) Law of, 
(c) Speaking^ 

tubes, etc 



5. MUSICAL SOUNDS. < 



4. REFLECTION OF J 

SOUND. I (3.) Decrease of Intensitj. 

(4.) Acoustic Clouds. 

(1.) Difference between Noise and 

Music 
(2.) Pitch. 

(3.) To find Number of Waves. 
(4) To find Length of Waves. 
^ (5.) Unison. 

«. SUPER-POSITION OF SOUND-WAVES. 

r — Definitions. 
(1.) Sonometer. 
(2.) Three Laws. 
(3.) Nodes. 
^ (4) Acoustic Figures. 
(5.) Harmonics. 
(6.) Nodes of Bell. 
(7.) Nodes of Sounding-Board. 
, (8.) Musical ScaJe. 



7. VIBRATION OF 
CORDS. 



8. WIND INSTRUMENTS. 



I 



9. SYMPATHETIC VI- 
BRATIONS. 

10. THE PHONOGRAPH. 

11. THE EAR. 



I (2. 



— Illustrations. 

) Sensitive Flames. 
(2.) Singing Flames. 



t — Description. 
4 (1.) Range of. 
( (2. 



(2.) Ability to Detect Sound. 



ACOUSTICS, OR THE SCIENCE 

OF SOUND* 

1. Production of Sound. — By lightly tapping a glass 
fruit-dish, we can throw the sides into motion visible to the 
eye. — ^Pill a goblet hall-full of water, and rub a wet finger 
lightly around the upper edge of the glass. The sides will 
vibrate, and cause tiny waves to ripple the surface of the 
water. — Hold a card close to the prongs of a vibrating 
tuning-fork, and you can hear the repeated taps. Place the 
cheek near them, and you will feel the 
little puffs of wind. Insert the handle 
between your teeth, 
and you will expe- ^^' ^^** 

rience the indescrib- 
able 
thrill 
of the 

swinging metal. The tuning-fork may be made to draw 
the outline of its vibrations upon a smoked-glass. Fasten 
upon one prong a sharp point, and drawing the fork along, 
a sinuous line will show the width (amplitude) of the 
vibrations. 

* The term sound is used in two Benses— the aultfecHive (which has reference to onr 
mind) and the ol(f«:tive (which refers to the objects around as). (1.) Sound is the 
sensation produced upon the organ of hearing by vibrations in matter. In tliis use 
of the word there can be no sound where there is no ear to catch the vibrations. — 
An oak foUs in the forest, and if there is no ear to hear it there is no noise, and the 
old tree drops quietly to its restinj2:-place.— Niagara^s flood poured over its rocky 
precipice for ages, but fell silently to the ground. There were the vibrations of earth 
and air, but there was no ear to receive them and translate them into sound. When 
the first foot trod the primeval solitude, and the ear felt the pulsations ft-om the 
torrent, then the roaring cataract found a voice and broke its lasting silence.— A 
trumpet does not sound. It only carves the air into waves. The tympanum is the 
beach on which these break into sound. (3.) Sound is those vibrations of matter 
capable of producing a sensation upon the organ of hearing. In this use of the word 
there can be a sound in the absence of the ear. An object fUls and the vibrations are 
produced, though there may be no organ of hearing to receive an impression from 
them. This is the sense in which the term sound is commonly used. 
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2. TranBTnlBHion of SouncL~(l.) Tebouoh air. 
The prong of a ttmmg-fork advances condeiiBmg the air in 
front, and then recedes, leaving behind it a partial Tacuum. 
This proceea is repeated until the fork comes to rest, and 
the sound ceases. Each ribration produces a sound-ioave of 
air, which contains one condensation and one rarefaction. 
In water, we measure a wave-length from crest to crest ; in 
air, from condensation to condensation. The condensation 
of the Bound-wave corresponds to the crest, and the rarefac- 
tion of the sound-wave to the hollow of the water-wave. Id 



•3 

expand Buddenl; and force the air outward in 

every direction. Thia hollow shell of condensed air imparts 

its motion to that next, while it springs back by its elasticity 

FM.iia. 



and becomes rarefied. The second shell rushes forward with 
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the motion received, then bonudaback and becomes rarefied. 
Thus each shell of air takes up the motion and imparts it to 
the next. The wave, consistiag of a condenaation and a 
rarefaction, proceeds onvard. It is, however, as in water- 
waves, a movement of the form only, while the particles 
vibrate but a short distance to and fro. The molecules in 
itater-waves oscillate ver^tcoJ^y; those in sound-waves Aori- 
tontaUi/, or parallel to the line of motion. 

1/ a bell be rung, the adjacent Fia. m. 

air is set in motion ; thence, by a 
series of condensations and rare- 
factions, the vibrations are con- 
veyed to the ear. 

When we speak, we do not shoot 
the air we expel from our lungs 
into the ear of the listener. We 
simply condense the air before the 
mouth and throw it into vibra^ 
tion. Thus a sound-wave is 
formed.* This spreads in every 
direction in the form of a sphere 
of which we are the centre.| 

^(2.) In a taccxim. The bell 
B (Fig. 119) may be set in mo- 
tion by the sliding-rod r. The 
apparatus is suspended by silk 
cords, that no vibration may he 
conducted through the pump. If 
the air be exhausted, the sound 

* A conHnDOiu Uut of air pradnces do nmnd. The n»h ol (be grtui iMal 
rfTora aboTO lu its Dorer bear. Tbe; flow on Id Ibe upper regloDa ceucleBBl; but 
lUenll]', A wbirlwliid la nolsdeH. Let, however, tbe great blUowe elrlke a Iree and 
wrmch it tram the groand, and ve can bear tbe Mcondur, ahorter vaTei irhlch BM 
OQt from the elngglliig Umba and tbe tonnlng leaTOi. 
aayp Tonmaos, " 
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will become so faint that it cannot be heard, even when the 
ear is placed close to the receiver.'*' 

In elevated regions sounds are diminished in loudness and 
sharpness, and it is difficult to carry on a conversation, as 
the voice must be raised so high. The reverse takes place 
in deep mines and ^iving-bells. The sounds then become 
startlingly distinct, and the workmen are compelled to talk 
in whispers. 

(3.) The velocity op soukd depends on the ratio of the 
elasticity to the density of the medium through which it 
passes. The higher the elasticity, the more promptly and 
rapidly the motion is transmitted, since the elastic force 
acts like a bent spring between the molecules; and the 
greater the density, the more molecules to be set in motion^ 
and hence the slower the transmission. 

Sound travels through air {at S^ F,) 1,090 feet per second. 
A rise in temperature diminishes the density of the air, 
and thus increases the velocity of sound. A difference of 
1° P. makes a variation of about 1 foot. Sound also moves 
faster in damp than in diy air. 

Sound travels through water about iy700 feet per second. 
Water being denser than air should convey sound more 
slowly ; but its high elasticity (p. 20) quadruples the rate. 

Sound travels through solids faster than through air. 
This may be illustrated by placing the ear close to the hori- 
zontal bar at one end of an iron fence, while a person 
strikes the other end a sharp blow. TWo sounds will reach 
the ear— one through the metal, and afterward another 
through the air. The velocity varies with the nature of the 
solid, f In the metals it is from 4 to 16 times that in air. 

* There would be perfect silence in a perfect vacanm. No round is transmitted 
to the earth from the regions of space. The movements of the heavenly bodies are 
noiseless. In the expressive language of David, " Their voice is not heard." 

t Wheatstone invented a beautiftil experiment to show the transmission of sound 
through wood. Upon the top of a music-box, he rested the end of a wooden rod 
reaching to the room above, and insulated from the ceiling by India rubber. A violin 
being placed on the top of the rod. the sounds firom the box below filled the upper 
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Different sounds travel with the same velocity.* A band 
may be playing at a distance, yet the harmony of the dif- 
ferent instruments is preserved. The soft and the loud^ the 
high and the low notes reach the ear at the same time. 

Velocity of sound used to find distance. light travels 
instantaneously so far as all distances on the earth are 
concerned. Sonnd moves more slowly. We see a chopper 
strike with his axe, and a moment elapses before we hear 
the blow. If one second intervenes the distance is about 
1,090 feet. By means of the second hand of a watch or the 
beating of our pulse, we can count the seconds that elapse 
between a flash of lightning and the peal of thunder which 
follows. Multiplying the velocity of sound by the number 
of seconds, we obtain the distance of the thunderbolt. 

(4.) The rNTBNSiTY op sound is proportional to the 
square of the amplitude, *. e., the arc through which the 
molecules swing to and fro. As in a pendulum, the greater 
the amplitude the greater the velocity. The force of a 
striking body depends upon its weight and the square of its 
velocity (p. 36). So one sound is louder than another, be- 
cause the air molecules hit the ear-drum with greater force. 
On the top of a mountain, because of the rare atmosphere, 
there are fewer molecules to strike the ear ; hence, the blow 
is less intense. 

The intensity of sound diminishes as the square of the 
distance increases.^ The sound-wave expands in the form 

room, appearing to emanate from the irloUn.— Take two email, round, tin boxes and 
pass a strong string of any length through a hole in the bottom of each, flisteoing it 
by a knot If the string be drawn tightly, and one box be held to the month of the 
speaker and the other to the ear of the listener, the fiUntest whisper can be heard. 

* It has been said that the " heaviest thunder travels no faster than the softest 
whisper." Mallet, however, foond that in blasting with a charge of 2,000 lbs., the 
Telocity was 967 feet per second, while with 13,000 lbs. it was increased to 1,210 feet. 
Parry in his Arctic travels states that, on a certain occasion, the sound of the snnset- 
gon reached his ears before the offlcer^s word of command to*iire, proving that the 
report of the cannon travelled sensibly ikster than the sonnd of the voice. 

t The same proportion obtains in Gravitation, Soond, Light, and Heat. We have 
seen how the Pendnlnm is based npon the force of Gravity, and reveals the Laws of 
Mllng Bodies. Now we find that the Pendnhim, and even the principles of Reflected 



of a sphere. The larger the flphere, the greater the number 
of idr particles to be Bet ia motion, and the feebler their 
vibration. The enrfaces of spheres are proportional to the 
sqnareB of their radii ; the radii of sonnd-spheree are their 
distances from the centre of diBtnrbance. Hence the force 
vith vhich the molecules will strike the ear decreases as the 
square of onr distance from the sounding body. 

SpeaJeing-iubes conduct sound to distant rooms because 
they prevent the waves from expanding and losing their 
intensity.* The ear-trumpet collects waves of sound and 
reflects them into the ear. The speaking-trumpet is based 
on the same principle as the speaking-tnbe. Probably abo 
the sound of the voice is strengthened by the vibrations of 
the air in the tube. 

3. Beflraotion of Bound.— When a sound-wave goes 
obliquely from one medium to another, it is bent out of its 
course. Like light, it may be passed through a lens and 



brought to a focns. B is a rubber globe, filled with carbonic- 
acid gas ; w is a watch, and /' a funnel which assists in 
collecting the wave at/, where the ear is placed. The ticks 

HoMoa and Homei^m, an linked irilh the phenomeDk of Souiid. As w« prosHM 
fDrttier, we Bhall ud how Nature ii Urns Interwovei) evetrwhera with pioolb of ■ 
common plan and ■ common Author. 

■ Blot held a couvereatlon tbrODKh a Paris »ater-plp« S.190 feet \eaig. He b*ts 
tli)tt>'Uwuaoeaa7tobelieaid,tltatthe oulr waj not to he beard wm not to ipaik 
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of the watch can be heard^ while outside the focus they are 
inaudible. 

4, Reflection of Sound. — ^When a sound-wave strikes 
against the surface of another medium^ a portion goes on 
while the rest is reflected. 

(1.) The law is that of Motion ; — ^the angle of incidence 
is equal to that of reflection.* If the reflecting surface be 
very near, the reflected sound will join the direct one and 
strengthen it. This accounts for the well-known fact that 
a speaker can be heard more easily in a room than in the 
open air, and that a smooth wall back of the stand re- 
inforces the voice. The old-fashioned " sounding-boards*' 
were by no means inefficient, however singular may have 
been their appearance. Shells, by their peculiar convolu- 
tions, reflect the various sounds which fill even the stillest 
air. As we hold them to our ear, they are poetically said to 
** repeat the murmurs of their ocean home.*' 

(2.) Echoes are produced where the reflecting surface 
is so distant that we can distinguish the reflected from the 
direct sound. If the sound be short and quick, this requires 
at least 56 feet ; but if it be an articulate one, 112 feet are 
necessary. One can pronounce or hear distinctly about five 
syllables in a second ; 1,120 ft. (the velocity at a medium 
temperature) 4- 5 = 224 ft.f If the wave travel 224 feet 

* Domes and corded walls reflect sound as mirrors do light. Tlius, in the gallery 
under the dome of St. PauPs Cathedral) London, persons standing close to the wall 
can whisper to each other and be heard at a great distance.— Two persons, placed 
with their backs to each other, at the foci of an oval room, or *' Whispering Gallery,** 
can carry on a conversation that will be inaudible to spectators standing between 
them.— The covered recesses on the opposite sides of a street, or the arches of a 
stone bridge, oftentimes reflect sound so as to enable persons seated at the foci to 
converse in whispers while loud noises are being made in the open space between 
these semi=domes. 

t When several parallel surfttces are properly situated, the echo may be repeated 
backward and forward in a surprising manner. In Princeton, Ind., there is an echo 
between two buildings that will return the word "Knickerbocker*' twenty times. 
So many persons yisited the place that the city council forbade the use of the echo 
after 9 o'clock at night.— At Woodstock, Bngland, an echo returns 17 syllables by day 
and 90 by night. The reflecting sur&ce is distant about S,800 feet, and a sharp hat 
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in going and returning, the two sounds will not blend, and 
the ear can detect an interval between them. A person 
speaking in a loud yoice in front of a mirror 112 feet dis- 
tant, can distinguish the echo of the last syllable he utters ; 
at 224 feet, the last two syllables, etc. 

(3. ) Decbease of Soustd by Reflection. — ^If we strike 
the bell represented in Fig. 119, we shall find a marked dif- 
ference between its sound under the glass receiver and in 
the open air. Floors are deadened with tan-bark or mortar, 
since as the sound-wave passes from particle to particle of 
the unhomogeneous mass, it becomes weakened by partial 
reflection. The air at night is more homogeneous, and 
hence sounds are heard further and more clearly than in the 
day time. 

(4.) AoousTio CLOUDS are masses of moist air of varying 
density, which act upon sounds as common clouds do upon 
light, wasting it by repeated reflections. They may exist in 
the clearest weather. To their presence is to be attributed 
the variation often noticed in the distance at which well- 
known sounds, as the ringing of church bells, blowing of 
engine-whistles, etc., are heard at different times.* 

wis come back a ringing Aa, ha^ ha /—The echo is often Boftened, ae in tbe Alpine 
regions, where it warbles a beantifhl accompaniment to the shepherd^s hom^^Tbe 
celebrated echo of the MetelU at Rome was capable of distinctly repeating the first 
Hne of the ^neid 8 times.— In Fairfex County, Ya., is an echo which will return 90 
notes played on a Ante, but sapplies the place of some notes with their thirds, fifths, 
or octaves.— The tick of a watcli may be heard from one end of the Church of St 
Albans to the other.— At Carisbrook Castle, Isle of Wight, is a well 210 feet deep and 
13 feet wide, lined with smooth masonry. When a pin is dropped into the well it is 
distinctly heard to strike the water.— Li certain parts of the Colosseum at London 
the tearing of paper sounds like the patter of hafl, while a single exclamation comes 
back a peal of laughter.— The Bome of the Baptistry of the Cathedral at Pisa (See 
Frontispiece) has a wonderfhl echo. During some experiments there, the author 
foand every noise, even the rattle of benches on the pavement below, to be refiected 
back as if from an immense distance and to return mellowed and softened into 
music (note, p. 181). 

* The extinction of sound by such agencies Is often almost Incredible. Thus two 
observers looking across the valley of the Chickahominy at the battle of Gaines*B 
Mill flfciled to hear a sound of the conflict, though they could clearly see the Hnes of 
soldiers, the batteries and the flash of the guns.— These phenomena are ascribed 
by many (page 964) to an elevation or a depression of the wave-front so that the 
sound passes above the observer or is stopped before It reaches him. See Stewarts 
FkifHa, p. in 



* Sriifc 
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5. Mnsloal Sounds. — (1.) The difference bexween 
NOISE AND uusic is that between irregular and regnlar 
vibrationa. Whatever the cause which sets the tur in mo- 
tion, if the vibrations are uniform and rapid enough, the 
Bound is musical. If the ticks of a watch could be made 
with sufficient rapidity, they would lose their individuality 
and blend into a musical tone. If 
the pufFa of a locomotive could 
reach 50 or 60 a second, its ap- 
proach would be heralded by a tre- 
mendous organ-peal.* 
, (3.) PrroH depends on the rapid- 
ity of the vibrations. Thna if we 
hold a card against the cogs of the 
rapidly-revolving wheel in the appa- 
ratus shown in Fig. 16, we shall ob- 
tain a clear tone ; and the faster the 
wheel turns, the shriller the tone, 
i'. B., the higher the pitch. 

(3.) The NUMBER OF WAVES IN A 

SOUND is determined by an instru- 
ment called the Siren. is a cylin- 
drical box ; t, a pipe for admitting 
air ; od, a plate pierced with four 
series of boles, containing 8, 10, 12, 
and 16 orifices respectively ; m, n, 
o,p are stops for closing any series. 



nsDt of London I> liiixsiT compoced of gianlu 1>loi:lm, fooi Inchea In 

wbMl Jehing orer Ihia i[ Ibe nU of eight miles per boor prodncee a 
m of 85 •Dondt per eecoDd. Tbeee link UiemeelTce IdIo m Boft, deep maelcBl 
tone, that wfll bear compuliHtD witb notes derived (ram more leutlmeiitsl eonrceB. 
Thla lendsiUT of Natnra to mntilc is something wonderful. "Even Melton." »«;■ 
Tjudall, "Is rhjrthmie," A hnllet flying throogh the air sings sodly as a bird. The 
Hmba and leavm oftreea munnar as Ihej swaj In the breeie. The mmble ofa great 
dty, an the confused noises of Natare when KifteDed by dletance, ars said to be on 
ttae pitch— the ke; of F. Falling water, singing birds, sighing wliida. eTeryvhere 
attest that the same tHrlne lore of the beantUU vblch caasee the rivers to whid 



1 of praise which Nature almta for Bla ear alone. 
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The rod p ia beTelled at ^' bo as to turn in the socket x ; 
(b is a diak with boles corresponding to those in the lower 
plate, over which it rgTolves. At a is an endlcBS screw, 
which canses two wheels to rotate, and thna turns the hands 
npon the dial (Fig.iaa). Onthiawe 
^^- '■■ can see the number of revolutions 

made "by the upper disk. The holes 
in ab and de are inclined to each 
other, BO that, when a cnnent of air 
' isforcedinat/,itpas8eaupthrough 
the openings in the lower disk, and 
BtriMng against the sides of those in 
the apper disk, canaes it to revolTe. 
As that tnms, it alternately opens 
and olosea the orifices in the lower 
disk, and thus convertfl the steady 
stream of air into nniform pnffs. 
I At first they succeed each other ao 
' slowly that they may eaeily he 
Gonnted. But, b& the motion in- 
creases, they link themselTCa to- 
gether, and burst into a full, melo- 
diouB note. As the velocity ang- 
inents,the pitch risea, lintil the mu- 
sic becomes painfully shrill. Di- 
minish the speed, andthepitchfallB. 
To find, therefore, the number of vibrations in a given 
soQud, force the sis through the Siren nntil the required 
pitch is reached. See on the dial, at the end of a minute, 
the number of revolutions of the disk. When the row con- 
taining ten holes is open, and the tone C,, it will indicate 
1,536. There were ten puffs of air, or ten waves of sound, 
in each revolution. 1,536 x 10 = 15,360. Dividing this 
by 60, we have 856, the number per second. When the 
inner and outer rows of holes are opened, the ear detects the 
difference of an octave between the two sonnda. The one 
containing 8 produces the lower, and 16 the higher tone. 
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Hence an oeiave of a tone is caused by double the number of 
yibrations. 

(4.) To Find the Length of the Wave. — Suppose the 
air in the last experiment was of such a temperature that 
the foremost sound-wave travelled 1,120 feet in a second. 
In that space there were 256 sound-waves. Dividing 1,120 
by 256, we have 4^ feet as the length of each. We thus find 
the wave-length by dividing the velocity by the number of 
vibrations per second. As the pitch is elevated by rapidity 
of vibration, we perceive that the low tones in music are 
produced by the long waves and the high tones by the short 
ones.* 

(5.) Tones in Unison.— If the string of a violin, the 
cord of a guitar, the parchment of a drum, and the pipe of 
an organ, produce the same tone, it is because they are exe- 
cuting the same number of vibrations per second. If a 
voice and a piano perform the same music, the steel strings 
of the piano and the vocal cords of the singer vibrate to- 
gether and send out sound-waves of the same length, f 

6. Super-position of Sound-waves. — The air may 
transmit sound-waves from a thousand instruments at once. 
If the condensation of one wave meet the condensation of 
another, the sound will be augmented, the condensations 
becoming more condensed and the rarefactions more rarefied 
(p. 102). If the condensation of one meet the rarefaction 

* The aerial waves are oeemingly Bhortened when the source of eonnd is approach- 
fng, whether hy Its own motion or the hearer's, and lengthened when it is receding. 
In the former case the tone of the sound is more acute, in the latter graver. This is 
strikingly illostrated when a swift train rushes past a station, the whistle blowing. 
While the cars are approaching, a person hears a note somewhat sharper ; after U 
has passed, one somewhat flatter than the true note. Still more obvious is the 
change when two trains pass each other. A person unlkmiliar with the arrangement 
would suppose a different ^11 was rung. In one case more and in the other fewer 
wavet teadi the ears in a second. Just so a ship moving against the sea meets more 
waves than one moving with it. 

t In order to determine the number and length of the sound-waves produced by a 
sonorous body, we have only to bring its sound and that of the siren in unison. 
** The wings of a gnat flap, in flying, at the rate of 16,000 times per second. A tired 
bee hums on B, while in pursuit of honey it hums contentedly on A. The common 
horse-fly moves its wings 886 times a second ; a honey-bee, 190 times.*' 



134 



Aoousnos. 



of the other^ one wave-motion will be striTing to pnsli the 
air molecules forward^ and tlie other to urge them back- 
ward. So that^ if they meet in exactly opposite phases and 
the two forces are equals they will balance each other and 
silence will ensue.* 
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Suppose we have two tuning-forks^ A and B^ a wave- 
length apart^ and vibrating in unison. The waves will 
coincide^ as represented by the light and dark shades in 
Fig. 123. The same result would occur if they were any 
number of wave-lengths apart. K they are a half wave- 
length apart^ the condensation of A will coincide with the 
rarefaction of B^ and vies versa. The effect is represented 
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by the uniformity of the shading in Kg. 124. This is 
termed interference of sound-waves.] 

7. Vibrations of Cords. — Let aJ be a stretched cord 
made to vibrate. The motion from e to d and back again 
is termed a vibraiion; that from e to d, 9, half-vibration. 

^ ThnB a somid' added to a Bound may produce Bilence. In fhe Bame way, two 
motionB may produce rest ; two lights may cause darkness ; and two heats may 
produce cold. 

t If we strike a tuning-fork and turn It slowly around before the ear, we shall find 
four points where the interference of the sound-waves neutralizes the vibrations and 
causes sflence.— Two forks or organ-pipes nearly in unison, produce the weU*known 
** beats,*^ a characteristic phenomenon of interferoioe. 
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The intensity of the sound depends on the width of ed, L e., 
the amplitude of the fibration. 

(1.) The Sonoheteb is an inatnunent used to inTestigste 
the lawB which govern the yibrations. It consists of two 
cords stretched by weights, F, across fixed bridges, AB. 



The movable bridge, D, serves to lengthen or shorten the 
cords. Beneath is a wooden box which commuDicatea the 
vibrations of the cords to the air within. This is the real 
Bounding body. 

(3.) Three Laws, — L The number of vibrations per set^ 
and increases as the length of the cord decreases. With the 
bow make the cord vibrate, giving the note of the entire 
string. Place the bridge D at the centre of the cord, and 
the sound will be the octave above the former. Thus by 
taking one-half the length of the cord we double the num- 
ber of vibrations. Ex.: If an entire cord make 30 vibrations 
per second, one-half will make 40, and one-third, 60. — The 
violin or guitar player elevates the pitch of a string by mov- 
ing his finger, thos shortening the vibrating portion. — In 
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the piano, harp, etc, the long and the short strings produce 
the low and the high notes respectiyely. 

IL The number of vibrations per second increases as the 
square root of the tension. The cord when stretched by 
1 lb. gives a certain tone. To doable the number of yibra- 
tions and obtain the octave requires 4 lbs. Stringed instru- 
ments are provided with keys, by which the tension of the 
cord and the corresponding pitch may be increased or 
diminished. 

IIL The number of vibrations per second decreases as the 
square root of the weight of the cord increases. It two strings 
of the same material be equally stretched, and one have four 
times the weight of the other, it will vibrate only half as 
often. In the violin the bass notes are produced by the 
thick strings. In the piano fine wire is coiled around the 
heavy strings. 

(3.) Nodes. — ^In these experiments, the cord is shortened 
by a movable bridge which holds it firmly. If, instead, we 

Fitt. 197. 



rest a feather lightly on the string, and draw the bow over 
one-half, the cord will vibrate in two portions and give the 
octave as before. Remove the feather, and it will continue 
to vibrate in two parts and to yield the same tone. We can 
show that the second half vibrates by placing across that 
portion a little paper rider. On drawing the bow it will be 
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thrown off. Hold the feather so as to separate one-third of 
the string and cause it to vibrate ; the remainder of the cord 
will vibrate in two segments. When the feather is removed. 
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the entire cord will vibrate in three different parts of equal 
length, separated by stationary points called nodes. This 
may be shown by the riders ; the one at the node remains, 
while the others are thrown off. 

(4.) Acoustic Figubbs. — Sprinkle fine sand on a metal 
plate. Place the 

finger-nail on one ^^ ^^' 

edge to stop the 
vibration at that 
point, as the 
feather did in the 
last experiment, 
and draw the bow 
lightly across the 
opposite edge. 
The sand will be 
tossed away from 

the vibrating parts of the plate and will 
collect along the nodal lines, which divide 
the large square. It is wonderful to see how the sand will 
seemingly start into life and dance into line at the touch of 




,;'J5^#. ,^- shovs some of the 

fi . f '- beaatiful patterns ob- 

» - tained by CMadni. 

(5.) Habuonics.* 
— Whenever a cord 
Tibrates, it separates 
into segments at the 
same time. Thus ire 
hare the foil or fun- 
damental note of the 
entire string, and aa- 
perpoeed upon it the 
higher notes produced 
by the vibrating parts. 
These are called overioma or harmonics. The mingling of 
the tvo classes of Tibrations determines the quality of the 
Bonnd, and enables ns to dietingnish the mneic of different 
instruments. 

(6.) IToDEa OP A Bell. — Let fio.wi. 

the heavy circle in Fig. 131 repre- ,^-? . 

sent the circumference of a bell 
when at rest. Let the hammer 
strike at a, b, o, or d. At one 
moment, as the, bell yibrates, it 
forms an oval with ai, at the 
next with cd, for its longest diam- 
eter. When it strikes its deepest 
note, the bell vibrates in fonr 
segments, with n, n, n, n, as the 

* PrSM gmtlj bat flnnlf down the notes C. Q, and 0, In the octave abore middle 
0, on (he plano-lbrte. WItbont lelewtng (bese kejB, give to below middle C ■ 
qoiek, berdbloff. Tbe damper will hn, and the eoand will atop KbrnpU;. At llM 
ume butont a low, soft chord will be heard. Thl> comee from tbe three Btringi 
whoH dampen are niBed, leaving Cbem bee to Bound In sympalbj with the orer. 
bmei of the lower C, wblcb BooiidB sn Identical with tbeir own.— Wheh a goblet or 
wln^^laofl !■ tapped with a knlfe-blode. we con dletlnsnleh tbree BQqnds, ^ tw~ 
^fUuenUl tnd two hormonlcg. 
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nodal points, whence nodal lines run up from the edge to 
the crown of the bell. It tends, however, to divide into a 
greater number of segments, especially if it is very thin, 
and to produce harmonics. The overtones which follow 
the deep tones of the bell are frequently very striking, even 
in a common call-belL 

(7.) Nodes op a Soukding-boabd. — The case of a violin 
or guitar is composed of thin wooden plates which divide 
into vibrating segments, separated by nodal lines according 
to the pitch of the note played. The enclosed air vibrating 
in unison with these, reinforces the sound and gives it 
fullness and richness. 

(8.) Musical Scale. — ^The tone produced by an entire 
string is called its fundamental sound. The notes of the 
scale above this are given by the parts of the string indi- 
cated by the following fractions : 

C, D, E, p, e, a, b, c. 
1 f ♦ i f t A i 

As the number of vibrations varies inversely as the 
length of the cord, we need only to invert these fractions 
to obtain the relative number of vibrations per second ; 
thus, 1, 1^, ^, I, \, ^, 2. Reduced to a common denom- 
inator, their numerators are proportional, and we have the 
whole numbers which represent the relative rates of vibra- 
tion of the notes of the scale, viz. : 

24, 27, 80, 82, 86, 40, 45, 48. 

The number of vibrations corresponding to the different 
letters is,* 

C, D, E, P, G, A, B, C. 

128, 144, 160, 170, 192, 214, 240, 266. 

* In this table, ** = S56 yibrations "" represents the middle C of a piano-forte. 
This number is pnrely arbitrary. The so-called ** concert-pitch *' varies in different 
countries. The Stattgart Congress of 1884 fixed the standard tuning-fork— middle 
A— «t 440 vibrations per second, which would make middle C = 264 ; while the Paris 
Conservatory (1869) gave to middle A 437.5, and to middle C 261. The £nglish 
tuning-fork represents C in the treble staff, and makes 6S8 vibrations, the pitch being 
the same as the Stuttgart The ratio of the different letters is identical, whatever 
tlie pitch. 
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8. Wind Instruments produce musical soandfl by 
enclosed colamnB of sir. Sonnd-waveB rnn backward and 
forward throngh the tabe and act on the surronndiiig air 
like the vibrations of a cord. The soand-waveB in organ- 
pipea are set in motion by either fixed month- 
^™- "* pieces or Tibrating reeds. The air is forced 
from the bellows into the tube P, throngh 
the vent i, and striking against the thin edge 
a, produces a flutter. The column of air 
above, thrown into vibration, reinforces the 
sound and gives a full musical ton& The 
length of the pipe determines the pitch. The 
variation in the quality of different wind in- 
struments is caused by the mingling of the 
harmonics with the fundamental tone. In 
the flute, for example, the ribrating column 
of air may be broken up into segments by 
varying the force of the breath. 

9. Sympathetic Tibrations, or Res- 
onance. — Produce a musical tone with the 
voice near a piano, and a certain wire will 
select that sound and respond to it. Change 
the pitch, and the first string will cease, 
while another replies. If a hundred tuning- 
forks of different tones are sounding at the 
foot of _an organ-pipe, it wiU choose the one 
to which it can reply, and answer that 
alone.* Helmholtz has applied this principle to the con- 
straction of the resonance globe, an instrument which will 
respond to a particular harmonic in a compound tone, and 
strengthen it so as to make it audibly 

(1.) Sensitive Flaues. — Flames are sensitive to sound. 
At an instruments concert the gas-lights vibrate with cer- 

* Two clocfaa eet on one rhelf or ^^■'■■Bt Uie same vraD, lOtet each other.— 
Watcbea In tbe ■hop-wliidow keep bet[«r Hme thin wheD carried singly.— It la aatd 
that iMtl-^IULped glissei ma; be aUrered bf a pomrfnj TOl^ singing ne«i Ouqi tli( 
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tatn pnlfiations of the music. This is noticeable when the 
pressure of gas is so great that the flame is just on the 
verge of flaring, and the vibration of the sound-wave is 
sufficient to "push it over the 
precipice.'* * ^*®- *^- 

(2.) SiNGiKG Flames.— If 
we lower a glass tube over a 
small gas-jet^ we soon reach a 
point where the flame leaps 
spontaneously into song. At 
first the sound seems far re- 
mote, but gradually approaches 
until it bursts into an almost 
intolerable scream. The length 
of the tube and the size of the 
jet determine the pitch of the 
note, t The flame, owing to the 
friction at the mouth of the 
pipe, is thrown into vibration. 
The air in the tube, being 
heated, rises, anil not only vi- 
brates in unison with the jet, 
but, like the organ-pipe, selects 
the tone corresponding to its 
length. 

lO. The Phonograph is 
an instrument for recording 

the sound vibrations. It consists of (1) an outer tube (or 
ear) for receiving the voice vibrations ; (2) at the bottom 
of this a thin plate (or membrane) which vibrates in uni- 
son with the voice; (3) at the back of the membrane a 

----- — ■ 1 

* Prof. Barrett, of Dnblfo, describeB a peculiar Jet which is bo Beneitive that it 
trembles and cowers at a hiss, like a human being, beats time to the ticking of a 
watch, and is violently agitated by the rumpling of a silk dress. 

t See ChemUtry, p. 66. The Jets are easily made by drawing out glass tubing to a 
line point over a spirit-lamp. The length of the tube may be yaried, as in tho figure, 
by a paper tube, t. 
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lever vhioh u moved hj these vibratioDB ; (4) at the end 
of the lerer r sharp point, vhicli traces on a sheet of tin- 
foil marks oorreepondiDg to these vibrations ; (5) a cylinder 
wound with a sheet of the foil, and made, hj clockwork, 
to revolve slowly under the pen-point. 

Alter the voice has thns engraved on the foil its vibra- 
tions, the cylinder can be reset and the point following 
the indentations on the foil will move the lever, strike 
the membruie, and reproduce tbrongh an outer tube (or 
trumpet) the original sonnd. The sheets of foil may be 
taken tiom the cylinder and kept tor any length of time 
to be used when wanted. 

11. The Ear. — In Fig. 134, A F represents the back of 
the outer ear {Physiology, 
^M- iM p. 184). The sound-wave 

passes into the auditory 
canal, which is about an 
inch in length, and strik- 
ing against the membrane 
of the tympanum or drum 
E, which llosea the orifice 
of the external ear, throws 
it into vibration. Keit, 
the series of small bones, 
a, h, c, called respectively, 
from their peculiar form, 
the hammer, anvil, and 
stirrup, conduct the mo- 
"ll tion to the inner ear, 

which Is termed, from its 
complicated structure, the hiyrinth. This is filled with 
liquid, and contains the semi-circular canals, B, and the 
cochlea {snaiUsheS), 0, which receive the vibrations and 
transmit them to the auditory nerve, the fine filaments of 
which are spread out to catch every pnlsation of the soimd- 
wave. The middle ear, whidi contains the chasa. of small 
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bones, ia a cavity abont half an inch in diameter, filled 
with air, communicating with the mouth by the Eustachian 
tube, D.* Within the labyrinth are fine, elastic hair-bristles 
and crystalline particles among the nerve-fibres, wonderfully 
fitted, the one to receive and the other to prolong the vibra- 
tions; and lastly, a lute of 3,000 microscopic strings, so 
stretched as to vibrate in unison with any sound. 

(1.) Bange of the Ear. — Helmholtz fixes the highest 
limit of musical sounds at 38,000 vibrations per second, and 
the lowest at 16. f Below this number the pulses cease 
to link themselves, and become distinct sounds. | The 
range of the ear is thus about eleven octaves. The capacity 
to hear the higher tones varies in different persons. A 
sound audible to one may bo silence to another. Some 
ears cannot distinguish the squeak of a bat or the chirp 
of a cricket, while others are acutely sensitive to these shrill 
sounds. Indeed, the auditory nerve seems generally more 
alive to the short, quick vibrations than to the long, slow 
ones. The whirr of a locust is much more noticeable than 
the sighing of the wind through the trees. § 



* The EnstachUm tnbe eerves to connect the Inner cavity with the external atmos- 
phere. If at any time the preseure of the air without becomes greater or less than 
that within, the membrane of the tympanum feels the strain, pain is experienced, 
and partial deaftiess ensues. A forcible concussion frequently produces this rf^sult. 
In the act of swallowing, the tube is opened and the equilibrium restored. We may 
force air into the cavity of the ear by closing the mouth and nose, and forcibly 
expiring the air from the lungs. This will render us insensible to low sounds, as the 
nimble of a railway-train, while we can hear the higher ones as usuaL 

t A tone produced by about 16 vibrations per second may be made by inserting 
the finger lightly in the ear, bringing at the same time the muscles of the hand into 
strong contraction. A sound will be heard which is as deep as the toll of a cathedral 
ben. 

t Our nnooiiscioiuneBB is no proof of the absence of sound. There are, doubt- 
less, sounds In Nature of which we have no conception. Could our sense be quick- 
ened, what celestial harmony might thrill us I Prof. Cooke beautlftilly says : *^ The 
very air around us maybe resounding with the halleli^ahs of the heavenly host; 
while our dull ears bear nothing but the feeble accents of our broken prayers." 

$ To this, however, there are remarkable exceptions. The author knows a lady 
who is Insensible to the higher tones of the voice, but acutely sensitive to the lower 
ones. Thus, on one occasion, being In a distant room, she did not notice the ringing 
of the ben announcing dinner, but heard the noise the beU made when returned to 
Ua plaoe on the ihelt 
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(2.) The ability of ihb eab to detect ai^d akaltzs 
soiTN^D is wonderful beyond comprehension. Sonnd-wayes 
chase one another up and down through the air^ super- 
posed in entangled pulsations^ yet a cylinder not larger 
than a quill conyeys them to the ear, and each string of 
that wonderful harp selects its appropriate sounds and re- 
peats the music to the soul within. Though a thousand 
instruments be played at once^ there is no confusion, but 
each is heard, and all blend in harmony.* 

PRACTICAL QUE8TI0N8.—1. Why cannot the rear of a long column of Boldiers 
keep time to the mnsic in front ? 8. Three minutes elapse between the flash and the 
report of a thunderbolt; how tu distant is it ? 8. Five seconds expire between the 
flash and the report of a fnm • what ia its distance ? 4. Suppose a speaking-tabe 
should connect two vUlages ten miles apart ; how long would it take the sound to 
travel ? 6. The report of a pistol-shot was returned to the ear from the fiioe of a 
clifT in four seconds ; what was the distance ? 6. What is the cause of the difference 
between the voice of man and woman f A base and a tenor voice f 7. What is the 
number of vibrations per second necessary to produce the fifth tone of the scale of 
C ? 8. What is the length of each sound-wave in that tone when the temperature la 
at zero ? 9. What is the number of vibrations in the fourth tone above middle C f 
10. A meteor of Nov. 18, 1868, exploded at a height of 00 miles ; what time was needed 
for its sound to reach the earth ? 11. A stone is let fidl into a well, and in four 
seconds is heard to strike the bottom ; how deep is the well ? IS. What time would 
be required for a sound to travel five miles in the still water of a lake ? 18. How 
much louder will be the report of a gun to an observer at a distance of 90 rods than 
to one at half a mile ? 14 Does sound travel flister at the foot than at the top of a 
mountain? 16. Why is an echo weaker than the original sound ? 16. Why is it so 
flitiguing to talk through a speaking-trumpet ? 17. Why will the report of a cannon 
fired in a valley be heard on the top of a neighboring mountain, better than one fired 
on the top of a mountain will be heard in the valley? 18. Why do our footsteps in 
unfhmished dwellings sound so startlingly distinct? 19l Why do the echoes of an 
empty church disappear when the audience assemble ? 90. What is the object of the 
sounding-board of a piano ? 91. During some experiments, Tyndall found that a 
certain sound would pass through twelve folds of a dry silk handkerchief, but would 
be stopped by a single fold of a wet one. Explain. 99. What is the cause of the 
musical murmur often heard near telegraph lines? 98. Why will a variation in the 
quantity of water in the goblet, when made to sound, in the experiment described 
on p. 198, cause a difference in the tone ? 94. At what rate (in metres) will sound 
move throngh air, the temperature being SO** C. ? 

* " Is not the ear the most perfect sense ? A needlewoman win distinguish by the 
sound whether it is silk or cotton that is torn. Blind people recognize the age 
of persons by their voices. An architect, comparing the length of two lines sepa- 
rated from each other, if he estimate within ^, we deem very accurate; but a 
musician would not be considered very precise who estimated wiUiin a quarter of a 
note (198 •«- 80 = 4 nearly). In a large orchestra, the leader will distinguish each note 
of each instrument. We recognize an old-time friend by the sound of his voice, when 
the other senses utterly fliil to recall him. The musician carries in his ear the idea 
of the musical key and every tone in the scale, though he is constantly hearing a 
multitude of sounds. A tune once learned will be remembered when the words of 
the song are Ibigotten.** 
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SUMMARY. 

Sound is produced by vibrationB. These are transmitted in waves 
tLrongh the air (60° F.) at the rate of 1120 feet per second ; through 
water four times, and through iron fifteen times as fast. In gen- 
eral, the velocity depends on the relation between the density and the 
olasticitj of the medium ; and the intensity is proportional to the 
square of the amplitude of the molecular vibrations. Sound, like 
light, may be reflected and refracted to a focus. Echoes * are produced 
by the reflection of sound from smooth surfaces, not less than 112 feet 
(about 83 metres) distant. Rapidly-repeated vibrations make a contin- 
uous sound ; regular and rapid vibrations produce music ; irregular 
ones cause a noise. 

The pitch of a sound depends on the rapidity of the vibrations. 
The number of waves, and their consequent length in a given 
sound, is found by means of the siren. Unison is produced by 
identical wave-motions. Any number of sound-waves may traverse the 
air, as any number of water-waves may the surface of the sea, without 
losing their individuality. The motion of each molecule of air is the 
fdgebraic sum of the several motions it receives. Two systems of 
waves may therefore destroy or strengthen each other, according as 
their several condensations or rarefactions coalesce. Interference is 
the mutual destruction of two systems of waves. " Beats " is the effect 
produced by two musical sounds of nearly the same pitch, which 
alternately interfere and coincide. The vibrations of a cord produce 
a musical sound, which is reinforced by a sounding-board. The rate 
of vibration and consequent pitch depends on the length, the tension, 
and the weight of the cord. Sounding bodies tend to vibrate in seg- 
ments. The harmonics thus produced give the quality (timbre) of 
different sounds. The various notes in the musical scale are deter- 

* Several aoonetic phenomena have become of historical interest. (1.) Near 
Syracnse, Sicily, is a cave known as the Ear of Bionysins. A whisper at the Airther 
end of the cavern is easily heard by a person at the entrance, though the distance is 
SOO feet. Tradition says that the Tyrant of Syracuse nsed this as a dnngeon, and 
was thns enabled to listen to the conversation of his nnfortnnate prisoners. (3.) 
On the banks of the Nile, near Thebes, is a statae 47 feet high, and extending 7 feet 
below the groand. It Is called the Vocal Memnon. Ancient vn^ters teD ns that 
about sunrise each morning, there issued from this gigantic monolith a musical 
sound resembling the breaking of a harp-string. It Is now believed that this was 
produced by strong currents of air (due to the change of temperature In the early 
morning) passing through crevices in the stone. (8.) Near Mount Slnal, in Arabia, 
remarkable sounds are produced by the sand fttlllng down a declivlly. The sand, 
which is very white, fine and dry, lies at such an angle as to be easily set in motion 
by any cause, sudi as scraping away a little at the foot of the slope. The sand then 
rolls down with a sluggish motion, causing at first a low moan, that gradually swellt 
U> a roar like thnnder, and finally dies away as the motion ceaaea. 
7 
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mined hj fixed portioiui of the length of the cord. The music of a 
wind-instrument is produced bj vibrating columns of air. Resonance 
is a sympathetic yibration caused by one sonorous body in another, as 
seen in sensitive flames, the resonance globe, etc. The voice is a reed 
instrument, with its vibrating cords and resonant cavity. The ear 
collects the sound-waves and transmits the motion to the brain. It 
consists of the outer ear, the drum and the labyrinth. 



HISTORICAL SKETCH. 

The ancients knew that without air we should be plunged in eternal 
silence. "What is the sound of the voice/' cried Seneca, "but the 
concussion of the air by the shock of the tongue ? What sound could 
be heard except by the elasticity of the aerial fluid ? The noise of 
horns, trumpets, hydraulic organs, is not that explained by the elastic 
force of the air ? " Pythagoras, who lived in the 6th century before 
Christ, conceived that the celestial spheres are separated from each 
other by intervals corresponding with the relative lengths of strings 
arranged to produce harmonious tones. In his musical investigations 
he used a monochord, the original of the sonometer now employed by 
physicists, and wished that instrument to be engraved on his tomb. 
Pythagoras held that the musical intervals depend on nuithenuitics ; 
while his great rival, Aristoxenes, claimed that they should be tested 
by the ear alone. The theories of these two philosophers long divided 
the attention of the scientific world. 

Many centuries elapsed before any marked advance was made. 
Galileo called attention to the sonorous waves traversing the surface 
of a glass of water, when the glass is made to vibrate. Newton 
believed sound to be transmitted by aerial waves, and estimated the rate. 

The present century has witnessed a more complete demonstration 
of the laws of the vibrations of cords and the general principles of 
sound. In 1822, Arago, Gay-Lussac and others decided the velocity 
of sound to be 337 metres at 10*" G. Savart invented a toothed wheel 
by which he determined the number of vibrations in a given sound ; 
Latour discovered the siren, which gave still more accurate results ; 
Colladon and Sturm, by a series of experiments at Lake Geneva, found 
the velocity of sound in water ; Helmholtz made known the laws of 
harmonics ; Lissajous, by means of a mirror attached to the vibrating 
body, threw the vibrations on a screen in a series of curves, and so 
rendered them visible ; while Tyndall has investigated the causes 
modifying the propagation of sound, as acoustic clouds, fogs, etc.. 
and popularizefA the whole subject of acousticB. (fieferenoeB, p. IdOO 
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The sunbeam comes to the earth as simply motion of ether-waves^ yet it is 
the grand source of beauty and power. Its heat^ ^ght^ and chemical force 
work everywhere the miracle of Hfe and motion. In the growing plants 
the burning coal, the flying birdy the glaring lightning, the blooming Jlower, 
the rushing engine, the roaring cataract, the pattering rain — itfe see only 
varied manifestations of this one all^nergisdng force. 
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OPTICS, OR THE SCIENCE 
OF LIGHT. 

I. PBODDCTION AKD TEANSIDSSION OP LIGHT. 

1, Befinitlons. — A luminous body ia one that emits 
light. A medium is any substance through which light 
passes. A transparent * body is one that obstructs light so 
little that we can see objects through it. A translucent body 
ia one that lets some light paaa, but not enough to render 
objects yisible through it. An opaque body is one that does 
not transmit light. A ray of light is a single line of light ; 
it may be traced in a dark room into which a sunbeam is 
admitted by the floating particles of dust which reflect the 
light to the eye. A pencil or beam, of light is a collection of 
rays, which may be parallel, diverging or converging. 

2. The Tisiial Angle is the angle formed at the eye 
by rays coming from the extremities of an object. The 
angle AOB is the angle of Tision subtended by the object 



AB. The size of this angle varies with the distance of the 
body. AB and A' B' are of the same length, and yet the 
angle A'OB' is smaller than AOB, and hence A'B' will seem 

• The temu tnuspmnt and opaqne are rebtlve. No rabBtaDce la pertectlj 
tnoBparent, or eotirel; OTAqne. OUsi obgtnicte unae UgbL According to H IDcr 
7 feel or ths Blejraet water will ureit one-half the llgiit wlilch lUls upon it. While 
Tonng seseHs (hat ttw beam or the getting mo, pusing thmnglim milea or air. loaee 
iSJofltHforce. On lbs other hand. gold, beaten Into leaf, hecomea tranetacent, and 
ofa blati^rvra ctdor; and scnped horn la aeinl-tnnsiiamit- 
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sliorter tli&n AB. The distance and the size of ohjecta are 
intimately connected, since by experience we have learned 
to associate them. Knowing the distance of an object, we 
immediately determine its size from the visoal angle.* 

3. Laws of Light. — I. Light passea ofE from a Inmi- 
nons body equally in every direction. IL Light travels 
through a oniform medinm in straight lines. III. The 
intensity of light decreases as the sqnare of the distance 
increases. 

4. The Velooity of Light has been determined in 
Tarione ways. The following was the first method : The 
planet Japiter has four moons. As these revolve around 
the planet, they are eclipsed at regnlar ' intervals. In the 
cnt, let J represent Jupiter, e one of the moons, S the sun, 



and T and t different positions of the earth in its orbit 
aroand the sun. When the earth is at T, the eclipse occnrs 
16 min. and .36 sec. earlier than at t. That intend of time 
is required for the light to travel across the earth's orbit, 
giving a velocity of about 186,000 miles per second.f 

5. Undulatory Theory of Light. — There is supposed 
to be a fiuid, termed ether, constituting a kind of universal 
atmosphere, diffused through space. It is so subtle that it 

* We can •oary the appormt ttaa r^ anf bodg at whleh tot are bxikbtf bt litereiuing 
or dbniiMUng tMi onp^— a prlnidpLe that will be lOnikd Ot great ImporUoee In the 
formation of ini(fiee bj mirron and leDpes. 

t This nte Is Ki graaC that lOr all dlBlancea on the euUi It Is b>BtantlUieo«a. A 
(oubeani woaM gin the globe quicker than we «aa wlnfc. 
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glides among the molecules of bodies as the air does among 
the branches and the foliage of trees. It fills the pores of all 
substances^ eludes all chemical tests^ passes in through the 
receiyer, and remains even in the yacuum of an air-pump. 
A luminous body sets in motion waves of ether, which go 
off in every direction. They move at the rate of 186,000 
miles per second, and breaking upon the eye, give the im- 
pression of sight The wave-motion is like that of sound, 
except the vibrations are transverse (crosswise).* 

9. BEFLBCnON OF UGHT. 

!• Definition. — Light falling on a surface is divided 
into two portions. One enters the body ; the other is re- 
flected f according to the familiar law of Motion and of 
Sound : The angle of incidence = that of reflection. 

2. Action of Bough and Polished Snrf^es. — ^When 
the surface is rough, the numerous little elevations scat- 
ter the reflected rays in every direction, forming diffused 
light. Such a body can be seen from any point. When the 
surface is polished, the rays are uniformly reflected in 
particular directions, and bring to us the images of other 
objects. We thus see non-luminous objects by irregularly- 
reflected (diffused) light, and images of objects by regularly- 
reflected light. J 

3* Mirrors. — All highly-reflecting surfaces are mirrors. 
These are of three kinds — -plane, concave and convex. The 

~ J _ — ■ - - ■ ^ 

* ThoB, if we suppose a star directly oyerhead and a ray of light coming down to 
ns, we should conceive that the particles which compose the waves are vibrating 
N. S. E. W., and toward every other point of the compass all at once. 

t The amonnt of light reflected varies with the angle at which light fldls. Thns, 
if we look at the images of objects in still water, we notice that those near ns are not 
as distinct as those on the opposite bank. The rays from the latter striking the 
water more obliquely are more perfectly reflected to the eye. — Fill a sheet-iron or any 
dark-colored pail with water tinted with bluing or red ink. The color will be quite 
invisible to a spectator at a little distance. Now insert in the water a plate. This 
will reflect the transmitted light and reveal the hue of the water. 

X The most perfectly polished substance, however, diflhses some light— enough to 
enable ns to trace its surfiue ; were it not so, we should not be aware of its exist, 
ence. The deception of a large plate-glass mirror is often nearly complete ; but dt^st 
or vapor, increasing the irregular reflection, wlU brln^ its sqrttK^ to vi«w« 
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first liaa a flat Borface ; the second, one like the inside, and 
the third, one like the oateide of a watch-crystaL The 
general principle of mirrorB is that the image is ^een in the 
direction of the rejleeted ray as it enters the eye. 

(1.) Plahtb Mibbobs. — Sajrs of light retain their lelatire 
direction after reflection from a plane surface.* An image 
seen in a plane mirror is therefore erect and of the same size 
as the object. It is, however, reversed right and left. 

Why the image is as far behind the mirror as the obfect is 
tn front. Let AB be an arrow held in front of the mirror 
MN. Bays of light from 
^°- "'^ the point A striking upon 

the mirror at G, are reflect- 
ed, and enter the eye as if 
they came from a. Bays 
from B seem to come from 
i. Since the image is seen 
in the direction of the re- 
flected rays, it appears at 
ab, a point which can easily 
be prored to be as far be- 
hind MN as the arrow is Jn front of it. Such an image 
is called a virtual one, as it has no real existence. 

Why we can see several images of an 
object in a mirror. Metallic mirrors ^"- "*■ 

form only a single image. If, however, 
we look obliquely at the image of a 
candle in a looking-glass, we shall see 
several images, the first feeble, the next 
bright, and the others diminishing in 
intensity. The ray from A is in part 
reflected to the eye from the glass at b, 
and gives rise to the image a ; the re- 
mainder passes on and is reflected from the metallic sorfaoe 

• The perpradlcnlsrp ara not given In the Bpiree e! OMbotA, at Oupi^ at ltd- 
taUon iliould draw all lit cuU on lit Haet/mard, erect the ptrpeivUailart and dtmim- 
(tr<lil4VubKaiiQn<^tlur^piciedTtiy. II vrJl aid la firing the perpendtcobt lo • 
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at c, and coming to the eye forms a aecond image a'. The 
ray cd, when leaving the glass at d, loaee a part, which is 
reflected back to form a third image. This ray in tarn is 
divided to form a fourth, and bo on.* 

Images seen in water are symmetrical, hut inverted. The 
reason of this can be understood by holding an object in 
front of a horizont^ looking-glass and noticing the angle at 
which the rays must strike the surface in order to be re- 
flected to the eye. When the moon is high in the heavens, 
we see the image in the water at only one spot, while the 
rest of the sorface appears dark. The light falls npon all 
parts, but the rays are reflected from only one point at 'the 

CODvei or coDC*T8 0Dribce, to remember that U liH TBdlqe of the sphere of vhtch the 
mirror forme > part. A book held in T&riooB poeltioae before a looldng-glasB lUns- 
tn(a3 the action of plaae mlrron. Abe&m of light admitted into ijlarh room mod 
reflected tram a mlrrar will Bhov that the Bogles of iacideace and redectton are In 
the Bune pbne. Many of the grotesqae edSeia of concave and cootbi mirrors mnj 
b« Been on the Inner and outer BurtBces of a bright spoon, call-bell, or metal cap (see 
Matitrit BamanTi UgAl fOrinexpeDBlve ezperlmeuts)- 

* To tQastrate the formation of multiple Images, place two amaU minors OB In 
Fig. 13B, where two coincident lina|ie>> are produced bj second partial reflections. To 
Turj Che experiment 

hold the mlrrore to- ***■ !*■ 

gether Dke the covers 
of a book placed on 
and, and put tb: can- 
dle batweep them on 
(be tsble,openlngand 
Bhnttlng the mirror- 
cover BO as to vary the 
angle ; or hold the 
mirrors pacallel to 
each other with the 
Hght between them. 
When the mirrors are 
inclined at (K)^ tbree 
Images are formed; 
at 60°, Ave Images; 
and at 45°. seven Im- 
ageB. As the an^e 
tnereuei, the nnmbar 
diminishes. The Im- 
ages are upon the cir- 
euinlM^ence oT a circle 

whOBe centre Is on a Une In which the reflecting snrfliGee would Intersect itprodnrnl. 
Where Ihe mirrors are parallel the images are In a straight line. The; become dim- 
mar aa the; recede, light helne lost al each reflection.— The Saltiileimipe rnnlslDs 
throe minora BStatanangleof fil)\ Small bin of colored cIsbs bI one end reflect to 
the eje at the other multiple tmagsi which chanfre In Tarvln^ patterns as 
revolved. 



_j 



right angle to reach the eye. Each obflerrer flees the Image 
at a different place. When the surface of the water is ruf- 



fled, a tremulous line of light is reflected from the side of 
each tiny wave that is turned towards ns. Aa every little 
Jjillow rises, it flashes a gleam of light to our eyes, and then 
sinking, comes tip beyond, to reflect another ray. 

P1B.MI. (a.) A Con- 

cave MiRBOB 
tends to colled (he 
rays of light. • 
Thus in Fig. 141, 
parallel rays fall- 
ing npon the mir- 



*Thlsftatemnrtl>coDTeDleDtisit is true tatbepTutlcal nee ar the mirror, but 
doai not oMoln In ererj pwelble po«ltlnn. Thiii>. tfi llicbt be placed between A and 
FQie nrs touM Im •ottered, u can eat^llTbe Bbown by ■ dlaenin. Again, in 
elemmtuy aptlca 1t 1i mppoeed that UCN^ knows aa the ongtik^ aperture of the 
mirror, does Dot eicsed 8" or 10°. When ettnter, the rajB reOocted near (hs edge of 
IbK mirror meet the principal axit AL, nearer the mirror than F. Tlifa b caUed the 
aitrrtitUm oT the mirror |p. 181). The reflected laje nlll Iheii croes at points in a 
aured sarfaca called icaaiUc A aectlon oT ench a cnrve can be teeo wheo tbeU^ 
ofacaodiai* reflected from the inalde of near DarUffall oTm^lt 
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ror MN are reflected to the point F, the principal focus 
{focus, a hearth). This is half way between the mirror and 
C, the centre of curvaiure, i. e. the centiie of the hollow 
sphere of which the mirror is a part, AF is the focal dis- 
tance; CB, CD, etc., are radii of the sphere (perpendiculars, 
to find the angle of incidence) ; and the angles HBC, GDC, 
etc., are eqnal respectivelv to FBC, FDC, etc. A light held 
at C will have its rays brought to a focus at C, where a real 
image will be formed ; while one at F will be reflected in a 
beam of parallel rays. 

Images formed by concave mirrors. Hang a concave mir- 
ror against the wall, and stand closely to it between the 
mirror and the principal focos. The image is erect, virtual. 



the mirrer, is reflected and strikes the eye as 
if it came from A. la the same manner i is seen at B. 
The risnal angle is increased the nearer we approach the 
mirror, and hence the larger the image appears. We 
now walk back. When we reach the focns, the image dis- 
appears. We are in the position of the cuidle ah (Fig, 143) 
and the real image is behind us at AB, A few of the parallel 
rays, however, enter the eye, and an indistinct image is 
formed. Eetiring still further, we come to the centre of 
curvature. Here we find no distinct image, although per- 



tionB of oar figore, as we catch anftttihes of Uie rays fomuEg 
tbfi image AB, are seen grotesquely magnified. As we con- 
tinue to recede, we reach a point beyond the centre o! 



cnrvatore. Here we oeenpy the position AB (Pig. 143), and 
Bee the image at ab inrerted, aa the rays have crossed. 
The points occupied by the two candles, ab and AB, are 
termed conjugate foci, becaose a light at either one is brought 
to a focus at the other. 

_ iio. 1«. 
Fis. !«. 



(3.) A Convex Mirroe tends to 
scatter the rays of light. The par- 
allel rays AD and BK (Fig. 144), 
are reflected in the diverging lines 
DE and KH. An eye receiving 
these rays will perceive the image of 
AB at ab, virtual, erect, and smaller 
than life. Whatever may be the 
position of the object, the image 
being always between the object and 
the centre of cnrvatnre is smaller 
than the object 

4. Total Beflection.— When we look obliqoely into a 
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pond, we cannot see the bottom, becanae the rays of light 
from below are reflected downward at the surface <^ the water. 
Hold a glass of water above the level of the eye, and the 
upper pan will gleam like bumislied silver.'* Thas the in- 
ternal Btirface of a transparent bod; becomes a mirror. This 
occure when light would pass very obliqnel; from a denaer 
to a rarer medium. 

t. BIPRACTIOH OF UQOT. 

1. Definition. — When a ray of light paesea obliqnely 
from one medium to another of different density, it is 
refracted or bent out of its coarse. Sx. : A Bpoon in clew 
t^ appears bent. — An oar dipping in still water seems tn 
break at the point where it enters the water, f — Pat a cent 
in a bowl. Standing where you cannot see the coin, let 
another person pour water into tlie vessel, when the coin 

* Flics a biigbt epooa la the glaea uid DOtiM lis image reflecled from tbe mrtUM 
of the water. The apparently luereaBed tire ot the spooc, the broken taudle, etc^ 
will be tiaderflood after leadtng ihe next subject. Tnm lbs apoon about la IbeglaH 
ud, changiag tbe angle ot observstlou, notice iha eObct. Tbe real buidle may ap- 
parentl; be attached to (be Image In Lbs water. The spoon will noon be covered wlib 
bnbblea of air ibinlog, like psarla, trma total reaecUoa. Tbla shawe alao the pcei- 
ence of air In water and the 

adhai>loa of gasea to aollda. ^'*- ***■ 

Tbe gobkt, 't filled wilh cold 
water, will "aweat," as It la 
caned, rrom the condensed 



&ce than they mlly aie, and 

Indians, who spear them, try (o 

■triks peTpendlcalarly, or else 

aim lower Iban Uiey apparently 

He.— In Pig. 1«. tbe man on tbs 

bridge sees the llib In Its tme 

place; bnt Ibe boy on tbe bank 

aeee the Oab at a. wblle the Hsb 

sees the boy at ;.— Water la 

deeper than II appears. Look 

obliquely into a pail of water, 

then place yonr linger on Ibe 

oulalde where the bottom seems 

to be; yon win be Burptleed to 

Bnd lite real bottom Is sereral Inches below.— Fill a glass dlph w;th water, and, 

darkening Ibe windows, let a sanbeam Ikll npon the enrlace. Tbe ray will bead ai 

II antais. I>iut acattered throogh the air will make the beam distinct. 
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omcfli. 



Fn. 147. 






will be lifted into view. To understand the apparent 

change of position^ re- 
member that the object is 
seen in the direction of 
the refracted ray as it 
enters the eye. Let L, 
Kg. 148, be a body be- 
neath the water. A ray, LA^ coming 
to the surface, is bent 
downward toward 0, Fio. 143. 

and strikes the eye as 
it it came from L'. The object will there- 
fore apparently be elevated above its true 
place. 

S* Laws of Refiraction. — I. In passing 
into a rarer medium, the ray is bent from 
the perpendicular. IL In passing into a 
denser medium, the ray is bent toward the perpendicular.* 

Illustrations. — Path of rays through a window-glass. — 

When a ray enters a window-glass, 
it is refracted toward the perpen- 
dicular (2d law), and on leaving, is 
refracted from the perpendicular 
(1st law). The general direction 
of objects is therefore unchanged. 
A poor quality of glass produces 
distortion by its unequal density 
and uneven surface. 

Path of rays through a prism. 
A ray of light, on entering and on 
leaving a prism, is refracted as by 
a window-glass. The inclmation of the sides causes the ray 

* Both the inddeot and the refracted ray lie in the same plane as the normal 
(perpendicular). The ratio between the sines of the incident and refracted angles is 
termed the index qf refraction. It varies with the media. Bz. : From air to water it 
is } and from air to glassf. 



Pig. 149. 
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to be iffnt twic« in 
the tame direction. 
The candle L will 
therefore appear to 
beat r. 

3. Lenses — A 
leoB is a transparent 
body, with at least 
one curved snri ace. 
There are two gen- 
eral clasees of lenses, concave and convex. 




)e Fig. 151.) 



(1.) The double-convex lehb has two convex sariacea. 
Its action on light is like that of a concave mirror. A ray 



X striking perpendicalarly, is not refracted. The parallel 
raya M, L, etc., are refracted both on entering Mid on leav- 
ing the lens, and are converged at F, the/ocws.t If a light 
be placed at F, its rays will be made parallel. 



iDcaTO-coDiex. Tbe flret Uiree are 
> tiini4)itr-$JaM, betug used, like tlip 



The image formed by a convex Una is like that of a con- 
cave mirror. If we hold a lens above a printed page, when 
we obtain the focal diBtance correctly, we shall find the let- 



ters right-side up and highly magnified. In Fig. 153 we 
see how the converging power of the lens increasCB the 
visual angle, and makes the object AB appear the size db. 



Moving the lens back from the page, the letters entirely dis- 
appear as we pass the principal focus. At length they 
reappear again, but smaller and inverted (Fig. 154). 

(3.) The double-concave lens has two concave sur- 
faces. Its action on light is like that of a conves mirror. 
Thus, diverging rays from L (Pig. 155) are rendered more 
diverging, and, kt an eye which receives the rays MN, the 
candle would seem to be at /, where the image is seen. 

coDcftve TQkrrtiT. for collect^Tig the pno's rayi. Lfiiipes hsve been in&nafBCt4ir«d of 
snfflctent power ta melta etons almost instanllf . Even g1asB.globeB of watsr, sacb as 
an need fbr gold flabee or In tbe triDdom of drng Blorea, often fire adjacanl otiJecU. 
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The image formed by a concave lens, like that of a convex 
mirror, is virtual, erect, aud diminished in size (Fig. 156). 



4. Aberration. — Rays which pass throngh a lens near 
the edge are brought to a focus sooner than those near the 
centre. Therefore, when the horder of an image is clear, 
the centre will be indistinct, and vice versa. This wander- 
ing of the rays from the focns is termed xpkerical aberration. 
The different refrangibility of the colors which compose 
white light (p. 163) prodncee chromatic aberration. The 
violet, being bent most, comes to a focus Booner than the red, 
which is bent least. This causes the play of colors seen 
around the image produced by an ordinary lens. The defect 
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is remedied by a second lena of different dispersive power, 
which coiiDteracte the effect of the first. Such a compouad 
lens is said to be achromatic (colorless). 

5. Mirage. — In the heated deserts of Africa, the traT- 
eller sometimes sees in the distance quiet lakes with the 
shadows of trees in their cool waters. Rushing forward to 
slake his eager thirat, he finds only the barren waste of sand. 
The mariner often recognizes in the sky the images of ships, 
and the far-distant coast, with its familiar clifis. The cause 
of these phenomena is the refraction and refleetion of the 
rays of light traTersing layers of air of unequal density. 



Sometimes a layer of air high np in the sky acts as a 
reflector, and sends down inverted images of ships which 
are beyond the horizon. In Fig. IST, rays of light from a 
clump of trees are refracted more and more until finally they 
are reflected from a layer at a, and enter the eye of the Arab 
as if they came from the surface of a quiet lake. The 
deception is made complete by the fact that the sandy desert, 
shimmering in the hot snn, often has in the distance the 
aspect of tranquil water.* 
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4. THB OOHPOSinOII OF LIGHT. 



1. Solax Speotrmn. — When a sunbeam shines through 
a prism, the ray is iiot only bent from its course, but is also 
spread out, fan-like, into a band of rainbow-colors — the 
solar spectrum. It contains the seven primary colors — 
violef, indigo, blue, green, yellow, orange, red." If we receive 
the spectrum on a concave mirror, or pass it tlirough a 
convex lens, it will form a white spot. We therefore eon- 
olude that white light is compoeod of seven colors. Tlic} 
are separated because the prism bends them unef|ually. 
The violet is most refracted, and the red least. 



3. Three classes of rays exist in the solar spectrum ; 
viz.: the raioryfc, or hfaways ; raiori^c, or luminous rays; 
and actinic, or chemical rays-f If we examine the spec- 
trum with a delicate thermometer, we find that the heat 
increases from the violet to the red, and becomes the greatest 
in the dark space just beyond. If we test with a paper 

• NoliCB Ch»t the Initial lettare spell Ihe mnemonio word, VU>-gv-or. 

t The classLflcatlon Inlo Ihtee kinds of rays is relalned ae It la allll common in 
Bclentlfic Ijooke Draper has ehown ihat the eBecti deaorilied above we due merely 
to an nneqoal di»lribolion of iho elher-wsves bj- the priam. Kaye of all colon, hsve 
the wimo light, heal, and chemical power, sod the same canse-radianf ina-jy- We 

caU Ihia one Ihing, light, heat, or actinism "— •" ■>'" ""■"■ ""-i '■ 

pnaence 0>P' ISft-*).' 




containing chloride of silver, it will blacken leaet in the 
red, moat toward the violet, and some in the dark space 
beyond. Between these two extremes lie the rays which 

strongly affect the eye. 

3. Three Kinds of Spectra I. When the light of a 

solid or liquid body, as iron white-hot, is passed through a 
prism, the spectrum is continvoun and consists of the familiar 
colors of the rainbow. II. When the light of a burning 
gas is passed through a prism, the spectrum is not con- 
tinuous, but consists of bright-colored lines — copper giving 
a set of green lines, and zinc one of bright blue and red. 
Each element produces a 
^°' '*"■ aeries which can be recog- 

nized as its test. Ill, 
When a light of the first 
kind is passed through 
one of the second at a 
lower temperature, the 
spectrum is crossed by 
dark lines. Thus, when 
the white light of a burn- 
ing match shines through a flame containing sodium, instead 
of the two vivid yellow lines so characteristic of that metal, 
two black lines occupy their place. In general, a gaseous 
flame absorbs rays of the same color that it emits.* 
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4. The Spectroscope is an instrument for examining 
spectra. The rays of light (Fig. 161) enter through a nar- 
row slit in the tube at A, and are rendered parallel by an 
object-glass. They then pass through the prisms at 0, are 
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separated into the different colors, and entering the tele- 
scope at D, fall upon the eye at B. Any substance may 
be placed in the flame in front of A and its spectrum 
examined.* 

5. The Rainbow is formed by the refraction and re- 
flection of the sunbeam in drops of falling water. The 
white light is thus decomposed into its simple colors. The 



son at the opposite end of the room wonid hear the tune perfectly except when 
the particular note which belonged to the wires was struck, when that would be 
sifted out. 

* On the uses of the spectroscope, examine Astronomy^ p. 286, and ChemUttry^ 
p. 146. The frontispiece of the latter gives a colored Illustration of the spectra.— 
The solar spectrum is crossed by dark lines known as FYminhofer^s lines. The most 
prominent are marked for convenience of reference (A, B, C, etc., Fig. 160). The 
spectroscope affords an unrivalled mode of analysis. No chemical test i^ so delicate. 
Strike together two books near the light at the slit of the spectroscope, and the dust 
blown into the flame will contain enough sodinm (the basis of common salt) to cause 
the yellow D line?— its test— to flash out distinctly. (See note on spectroscope, 
p. 236.) A verv effective spectroscope may be contrived thus : Cut a slit not over 
^ Inch wide and 2 inches long in a piece of tinfoil, and gum it on a pane of glasSc 
Hold this before a flame and look at it through a prism. 



inner arch ia termed the primary bow ; the outer or fainter 
arch, the Becondar;. 

Primaey Bow. — ^A ray of light, S", enters, and is 
bent downward at the top of a falling drop, passes to the 
opposite side, is there reflected, then passing out of the 
lower side, ia bent npward. By the refraction the ray of 
white light is decomposed, bo that when it emerges it is 
spread out fan-like, as in the solar spectrum. Suppose that 
the eye of a spectator is in a proper position to receive the 
red ray, he cannot receive any other color from the same 
drop, because the red is bent upward the least, and all the 
others will pass directly over his head. He aees the violet 
in a drop below. Intermediate drops funush the othei 
colors of the spectrum. 



Seconhaet Bow. — A ray of light, 8, strikes the bot- 
tom of a drop, v, is refracted upward, passes to the oppo- 
site side, where it ia twice reflected, and thence passes out 
at the upper side of the drop. The violet ray being most 
refracted, is bent down to the eye of the spectator. Another 
drop, r, refracting another ray of light, is in the right posi- 
tion to send the red ray to the eye. 
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Why the Bow is Circular. — When the red ray of 
the primary bow leaves the drop, it forms an angle with the 
sun's ray, S"r, of about 42°, and the violet 40°. These angles 
are constant. Let ab be a straight line drawn from the sun 
through the observer's eye. If produced, it would pass 
through the centre of the circle of which the rainbow is an 
arc. This line is termed the visual axis. It is parallel to 
the rays of the sun ; and when it is also parallel to the 
horizon, the rainbow is a semicircle. Suppose the line Ey 
in the primary bow to be revolved around EJ, keeping 
the angle JEr unchanged; the point v would describe a 
circle on the sky, and every drop over which it passed would 
be at the proper angle to send a violet ray to the eye at E. 
Imagine the same with the drop r. We can thus see {a) the 
bow must be circular; (J) when the sun is high in the 
heavens, the whole bow sinks below the horizon ; (c) the 
lower the sun the larger is 
the visible circumference ; pio. i«8. 

and (d) on lofty mountains 
a perfect circle may some- 
times be seen.* 

6. Complementary 
Colors. — Two colors, 
which by their mixture 
produce white light, are 
termed complementary to 
each other. Thus, if we 
sift the red rays out of a 
beam of Ught aud bring 
the remainder to a focus, 

a green image will be formed.! ^ ^^S' ^^^ ^^® colors 
opposite each other are complementary. Place a red and a 

* Halos, coronas, eundogs, clrdee about tbe moon, and the tinting at Bnnriee and 
sunset, are produced by the redaction and reflection of the enn^s rays by the clouds. 
The phenomenon known as the " snn^s drawing water," consists of the long shadows 
of broken clouds. Twilight and kindred topics are treated in Astronomy. 

t Certain substances are able to split a ray of light into its complementary colors 
and are said to be dichroie. Thus gold-leaf reflecta the red and transmits the green. 
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blue ribbon side by side. The former will take on a yellow 
and the latter a green tint. Lay a piece of tissue paper 
npon black letters printed on colored paper. The dai-k 
letters will appear of a color complementary to that of the 
baekgroand.* 

7. Interference of Ught {NewtarCs Rings). — ^Let the 
COD y ex side of a plano-convex lens be pressed down upon a 
plane of glass. The two surfaces will apparently touch at 
the centre. If different circles be 
described around this point, at all Fig. i64. 

parts of each circle the surfaces will vu^2::;;;;;:j:JJIm,^^^^^ 
be the same distance apart, and the 
larger the circle the greater the distance. Now let a beam 
of red light fall upon the flat surface. A black spot is seen 
at the centre ; around this a circle of red light, then a dark 
ring, then another circle of red light, and so alternating to 
the circumference. The distances between the surfaces of 
the glass, where the successive dark rings appear, are pro- 
portional to the numbers 0, 2, 4 , and the bright 

circles to 1, 3, 5 This fact suggests the cause. There 

are two sets of waves, one reflected from the upper surface 
of the plane glass, and the other from the lower surface of 
the convex glass. These alternately interfere, producing 
darkness, and combine, making an intenser color, f To de- 

* A color Ib heightened when placed near its complement A red apple 1b the 
brighter for the contract of the green leaf.— Observe a white dond through a bit of 
red glass with one eye and through green glass with the other eye. After some 
moments, transfer boUi eyes to the red glass, opening and closing them alternately. 
The (Strengthening of the red color in the eye fktigned by its complementary green, 
is very striking.— In examining ribbons of the same color, the eye becomes wearied 
and unable to delect the shade, because of the mingling of the complementary hue. 

t The play of colors in mother-of-pearl is due to the interference of light in its 
thin overlapping plates. — In a similar manner the plumage of certain biods reflects 
changeable hues.— A metallic surface ruled with fine parallel lines not more than 
«bV« of A" iuch apart, gleams with brilliant colors.— Thin cracks in plates of glass or 
quartz, mica when two layers are slightly separated, even the scum floating in 
stagnant water, breaks up the white light of the sunbeam and reflects the varying 
tints of the rainbow. — The rich coloring of a soap-bubble is caused by the interfer- 
ence of tlie rays reflected ft*om the upper and lower surfaces of the bubble.— 
Diffraction is a kind of interference produced by a beam of light passing along the 
edge of an opaque body or through a small opening. Ex. : If we hold a fine needle 
close to one eye and look toward the window, we see eeyeral needles.— Place the 
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termine the length of a waye of red lights we have only to 
measure the distance between the two glasses at the first 
ring. 

When beams of light of the yarious colors are used cor- 
responding circles are obtained^ haying different diameters ; 
red light gives the largest, and yiolet the smallest. We 
hence conclude that red waves are the longest, and yiolet 
the shortest. The minuteness of these wftves passes com- 
prehension. About 40,000 red waves and 60,000 violet ones 
are comprised within a single inch. Knowing the velocity 
of light, we can calculate how many of these tiny waves 
reach our eyes each second. When we look at a violet 
object, 767 million million of ether-waves break on the 
retina every moment ! 

8. Color is analogous to pitch, violet corresponding to 
the high and red to the low sounds in music. Intensity of 
color, as of sound, depends on the amplitude of the vibra- 
tions. When a body absorbs all the colors of the spectrum 
except blue, but reflects that to the eye, we call it a blue 
body; when it absorbs all but green, we call it a green 
body.* Bed glass has the power of absorbing all except the 
red rays, which it transmits. When a substance reflects all 
the colors to the eye, it seems to us white. If it absorbs all 
the colors, it is black. Thus color is not an inherent prop- 
erty of objects.! In darkness all things are colorless. 

blades of two knives closely together and hold them np to the sky: waring lines of 
Interference will shade the open space.— Look at the sky through the meshes of a 
Tell, or at a lamp-light through a bird-feather or a line slit in a card, and delicate 
colors will appflar. 

* Some eyes are blind to certain colors, as some ears are deaf to certain sounds. 
** Color-blindness ^* generally exists as to red. Such a person cannot by the color 
distinguish rtee cherries from the leaves. Doubtless railway accldoits have occurred 
through -this Inability to apprehend signals. Dr. Mitchell mentions a naval officer 
who chose a blue coat and red waistcoat, believing them of the same celor ; a tailor 
who mended a black silk waistcoat with a piece of crimson ; and another who put 
a red collar on a blue coat. Dalton could see in the solar spectrum c aly two colore, 
blue and yeUow, and having once dropped a piece of red sealing-wax \a the grass, he 
could not distinguish it. 

t Moisten a swab with alcohol saturated with common salt. On igniting the 
torch every object will take on a curious ghastly yellow hue from (he burning 
lodilim. The gay colors of flowers will instantly be quenched* 

8 




0. Folaiizatlon of Light {DotiiU Be/raeium). — If we 
could look at the end of a ray of light as we can at the end 
of a rod, we should see the particlea of ether swimming 
swiftly to and fro in the direction of all the 
"" '" diameters (EHg. 165). Oertain crystalB have the 

power of sifting and arranging these vibra- 
tions into two sets at right angles to each 
other, making a ray of the form seen in 
Fig. 166. As one set is more refracted than 
the other, the ray is divided into two — the 
ordinary and the extraordinary. Eaya which have thus been 
sifted constitute polarized light. Iceland spar possesses the 



property of donble refraction in a remarkahle degree. An 
object viewed through it appears double. If the crystal be 
placed on a dot and slowly 
tnmed ronnd, two dots 
will be seen, the second 
revolving about the first. 

Objects seen by polar- 
ized light present cnrions 
changes. A crystal of 
quartz reveals beautiful 
colors due to interference- 
Looking at a lamp-light through a piece of thiu mica, we see 
a series of polarized rays having a star-like form. When 
polarized light is passed through common glass no change 
is noticed, but on slight pressure a system of variegated 
colors appears. Polarized light therefore affords a delicate 
means of determining the molecular structure of a body.* 

* Some rabsttmen haie the power of twlBtlni; the plane or the polarlied llfrbt 
Cuie.«IUtBr tnmi it to the right, and rrnlt-angar U the left {ChmLilry, p. UO)- 
Tbe French gcTennuenC hms * polarlElag InstnunaDt, Id vU^ tU* principle b 
tpplled to teat the qnallt; of imgu. 
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1. Mlcrosoopes {to see smtUl things) are of two kiudfl, 

simple and compound. Th« former coDBists of one or more 

Gonvex lenses through which the object ib seen directly : the 

latter containa a eimple magnifier for viewing the image ol 

Fib. im 



an object prodaced by a second lens. Fig. 168 represents a 
compound microscope. At M is a mirror which refiects the 
raya of light through the object o. The object-lenB (objeo- 
tive) forms, in the tube above, a magnified, inverted image 
of the object. The eye-lens (ocular) magmfies this image. 
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The magnifying power of the instaniment is nearly eqnal to 
the product of that of the two lenses. If a microscope in- 
creases the apparent diameter of an object 100 times^ it is 
said to haye a power of 100 diameters^ the snrface being 
magnified 100* =10,000 times. The eye-piece may be only a 
single lens, and is really a simple microscope, l^e object- 
lens often consists of seyeral lenses, and each one of a com- 
bination (p. 161) to prevent aberration. 

2. Telescoi>es {to see afar off) are of two kinds, re/led' 
ing and refracting. The former contains a large metallic 
mirror (speculum) which reflects the rays of light to a focus. 
The observer stands at the side and examines the image with 
an eye-piece.* 

The Refracting Telescope contains an object-lens o which 
forms an image db* This is viewed through the eye-piece 0, 
which produces a magnified, inverted image cd. The latter 
image is as much larger than the former as the focal distance 

Fig. leo. 




of the eye-piece is less than that of the object-glass. The 
larger the object-lens the more light is collected with which 
to view the image. The magnifying power is principally due 
to the eye-piece, f The apparent inversion of the object is 

* The largest reflectiiig telescope Is that of Lord Bosse (See Frontispiece to 
Astronomy). Its specnlam is 6 feet in diameter and gathers about 190,000 times as 
mnch light as wonld ordinarily enter the eye. 

t The Washington Observatory teleeeope has an object-glass 26 inches in diam- 
eter, and of excellent defining power. The Chicago telescope has a lens of 1S| inches 
diameter. It collects ** 6000 times as mnch light as the unaided pupil "—equivalent 
to Increasing the astronomer*s eye to that size. The use of the telescope depends 
upon (1st) its light-collecting and (2d) its magnifying power. Thus Herschel, illus- 
trating the former point, says that once he told the time of night ttom. a clock on a 
steeple invisible on account of the darkness. It is noticeable that while in the com- 
pound microecope the image is as much larger than the object as the image la terthei 
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of no importance for astronomical purposes. In terrestrial 

obserrations additional lenses are ased to invert the image. 

3> The Opera^glass contains an object-glass and an 




OitD the object bom the object gla^i. In tlie teleecope tbc lmRg« tB u m 
than the object »s It Ib nearer Uisalhe object to the ol!)8Ct-e1«m; while In boUi c«Bei 
the Image la eumiaed with a magnlSer. If a power or 1000 be need In looUng ■< 
the no, we ihaH evidently see Ibe enn as it it were onl; 98,000 milea tmj. or leiH 
than one-half the dlatance of the moon. The same power need npon the mooi 
mold brlns that body appuenUy to witlilnMOmlleaorna. 




eye-piece o. The latter is a double- 
concave lens ; this iucreaees the visual 
angle by diverging the ruys of light, 
which would otherwiee come to a focus 
beyond the eye-piece. An erect and 
magnified image is seen at ab. 

4. The Stereoscope contains por- 
tions of two convex lenses (Fig. 173)- 
Two photographs A and B are taken 
by two cameras inclined to each other. 
This prodnces two pictnres like the 
views we obtain of an object by the 
use of each eye alternately. The 
blending at canses the appearance 
of solidity.* 

5. The Magic Lajitem, or Stere- 
a reflector M, which condenses the rays of 
upon a lens L, They are there converged 

ah. Thence a double lens m throws a 
on the screen AB. Dissolving views are 

lanterns containing the scenes which are 
other. 

Fu.113. 



• In Fig. ITS there sre two views of b tonnel. In one ihe openlnR In at the kfl 
or (be cenlre Hod In the other at the right. If the view be held about 4 Inches rroni 
the tjee three engraTtngn will 1>e eeen. the middle one formed bj (be menlKl blend' 
log of the other two. B; closing either ejealumatel; una view will dkappear. 
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6. The Camera, used by photographers, contaias a 
donble-convei lens. A, which throwa an inverted image of 
the object apon 

the ground-glass ^^ ™- 

screen EB. When 
the focus has been 
obtained, the 
screen is remoTed 
and a elide, con- 
taining a sensitive 
film, is inserted in 
its place. {Oliem- 
istry, p. 167.) 

7. The Eye is 
a nnique optical 

instrument resembling a camera. It is rarely, if ever, 
troubled by spherical or chromatic aberration, and is self- 
focnsing. The outer membrane is termed the sclerotic coat, 
S. It is tough, white, opaque, and firm. A little portion 
in front, called the cornea, c, is more convex and perfectly 
transparent. The middle or choroid coat, C, is soft and 
delicate, like velvet. It lines the inner part of the eye and 
is covered with a black pigment, which absorbs the super- 
fluous light. Over it the optic nerve, which enters at the 
fear, expands in a net-work of delicate fibres termed the 
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retina, the seat of vision. Back of the cornea is a colored 
cortain, hi, the iris (rainbow), in which is a round bole 
called the pupil. The crystalline lens, o, is a donble- 
convex lena, composed of concentric layers somewhat like an 
onion, weighing abont 4 grains and transparent aa glass. 
Between the cornea and the crystalline lena is a limpid fluid 



termed the aqueous humor; while the vitreous humor, a 
transparent, jelly-like liquid, fills the space back of the 
crystalline lens. 

Let AB represent an object in front of the eye. Bays of 
light are first refracted by the aqneous humor, next by the 
crystalline lena, and last by the vitreous humor, forming on 
the retina an image, ab,* which is real, inverted, and smaller 
than the object. To render vision distinct, the rays must 
be accurately focused on the retina. If we gaze steadily at 
an object near by, and then suddenly observe a distant one, 
we find our vision blurred. In a few moments it becomes 
clear again, showing that the eye has the power of adapting 
itself to the varying distances of objects. This is done by 
a change in the convexity of the crystalline lens-f When 

* Tbe diameter of the eje is lege tbui an Iii<A ; jet, w we look orer ao extended 
landKape, ever; COitDre, witb an Ita variety of ehad* and color, la repeated In 
mlnlatDre od the retina. UlUlona apoD mlltione of etlier vave», coniergliii; Itinn 
eierj dlrecHoD, break on (hat Unj beacli, while we, oblivloDs to ttie marrellann 
natnre of tbe act, Uilnk on)]' of the beauty of the revelatloa, Tet in it the phyalclfl 
■eet D new IllnBlntlon of the aimpllclty and perfection uf the laws vnd methode of 
the Olvine Workman, and a contlnned reminder of HIB forethought and BkUl. 

t Recent InveeUgatlons eeum to ehow that, laglead of the time-honored view of 
tbe teit, tbe lena is reallf tamed bo u to bring a mare or lean conTBz enrikce In tnmt 
of the puplL 
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the distance at which the clearest yision occurs is less than 
ten or twelve inches, the person is near-sighted, and when 
greater, far-sighted. Too great flatness or convexity of the 
cornea or crystalline lens will produce this result. The 
defect, however, often lies in the shape of the eyeball. In 
far-sightedness the ball is too flat, and the retina too near 
the lens ; in near-sightedness the ball is elongated, so that 
the retina is too distant. The former can be remedied by 
convex glasses, which bring the rays to a focus sooner, and 
the latter by concave, which throw the focus further back. 

The retina retains an impression about one-eighth of a 
second.* This explains why a wheel, when rapidly revolved, 
appears solid, or a lighted brand like a ring of fire. On the 
other hand, it requires a moment for an impression to be 
made. Thus a wheel may be whirled so swiftly that its 
spokes become invisible. 

PRACTICAL QUESTIONS.— 1. Why Is the secondary bow Winter than the 
primary f Why are the colors reversed f 2. Why can we not see around the comer 
of a house, or through a bent tube ? 3. What color would a painter use if he wished 
to represent an opening into a dark cellar f 4. Is white a color f Is black ? 6. By 
holding an object nearer a light, will it increase or diminish the size of the shadow ? 
6. What must be the size of a glass in order to reflect a fhll-length image of a person? 
Ans. Half the person^s height. 7. Where should we look for a rainbow in the 
morning? 8. Can two spectators see the same bow? 9. Why, when the drops of 
water are foiling through the air, does the rainbow appear stationary ? 10. Why can 
a cat see in the night ? 11. Why cannot an owl see in daylight ? 12. Why are we 
blinded when we pass quickly ft-om a dark into a lighted room ? 13. If the light of 
the sun upon a distant planet is t^ of that which we receive, how does its distance 
from the sun compare with ours ? 14. If, when I sit six feet from a candle, I receive 
a certain amount of light, how much shall I diminish it if I move back six feet 
Airther f 15. Why do drops of rain, in ftilling, appear like liquid threads ? 16. Why 
does a towel turn darker when wet ? 17. Does color exist in the object, or in the 
mind of the observer ? 18. Why is lather opaque, while air and a solution of soap 
are each transparent ? 19. Why does it whiten molasses candy to ** pull it " ? 20. 
Why does plastering become lighter in color as it dries ? 21. Why does the pho- 
tographer use a kerosene-oil lamp in the *^ daft room ^^ ? 22. Is the common division 
of colors into "cold" and "warm" verified in philosophy? 28. Why is the image 
on the camera, Fig. 175, inverted ? 24. Why is the second image seen in a mirror. 
Fig. 138, brighter than the flrst ? 25. Why does a blow on the head make one "■ see 
stars " ? Ans. The blow excites the optic nerve, and so produces the sensation of 
light. 96. What is the principle of the kaleidoscope ? 27. Which can be seen at 

* When one is riding slowly on the cars and looking at the landscape between the 
upright fence-boards, he catches only glimpses of the view ; but when moving 
raptdly, these enatchee will combine to form a perfect landscape^ which has, however, 
a grayish tint, owing to the decreased amount of light reflected to the eye. 
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the greater distance— gny or yeDow f 86. Look down Into the glass of water ehowif 
In Fig. 145, and, at a .certain angle, yon will see two spoons, one small and having 
the real handle of the spoon, though apparently bent, and the real spoon with no 
handle. Explain. 99. When a star is near the horizon, does it seem higher or lower 
than its tme place f 80. Why can we not see a rainbow at midday f 81. What con- 
clusion do we draw from the fiict that moonlight stiows the same dark lines as snn- 
light ? 88. Why does the bottom of a ship seen under water appear flatter than it 
really is ? 88. Of what shape does a round body appear in water ? 84. Why is rough 
glass translucent while smooth glass is transparent? 85. Why are some bodies 
brilliant and others dull ? 86. Why can a carpenter, by looking along the edge of a 
board, tell whether it is straight ? 88. Why can we not see out of the window 
after we have lighted the lamp in the evening ? 88. Why does a ground-glass globe 
soften the light ? 89. Why can we not see through ground-glass or painted windows i 
40. Why docs the moon's surfiice appear flat ? 41. Why can we see fhrther with a 
telescope than with the naked eye f 43. Why is not snow transparent, like ice f 
43. Are there rays in the sunbeam which we cannot perceive with the eye ? 44. Why, 
when we press the finger on one eyeball, do we see objects double ? 45. Why does 
a distant light, in the night, seem like a starf 46. Why does a bright light, in the 
night, seem so much nearer than it is ? 47. What color predominates in artificial 
lights y Ana. Yellow. 48. Why does yellow seem white, and blue green, when seen 
by artificial light f 49. Why are we not sensible of darkness when we wink? 60. 
Why is the lens of a fishes eye (seen in the eye-socket of a boiled fish) so convex ? 
51. When do the eyes of a portrait seem to follow a spectator to all parts of a room f 
62. Why does the dome of the Pky seem flattened ? 58. Why do the two parallel 
tracks of a railroad appear to approach in the distance ? 54. Why does a fog mag- 
nify objects f 55. If you sit where you cannot see another person^s image, why 
cannot that person see yours i 56. Why can we see the multiple images in a 
mirror better if we look into it very obliquely ? 57. Why is an image seen in water 
inverted? 58. Why is the sun's light fiiinter at sunset than at midday? 59. Why 
can we not see the fence-posts when we are riding rapidly ? 60. Ought a red flower 
to be placed in a bouquet by an orange one ? A pink or blue with a violet one ? 
61. Why are the clouds white while the clear sky is blue ? 62. Why does skim- 
milk look blue and new milk white ? 63. What would be the effect of filling the 
basin, in the experiment shown in Fig. 147, with salt water ? 64. Why is not the 
image of the sun in water at midday so bright as near sunset ? 66. Why is the 
rainbow always opposite the sun ? 



SUMMARY. 



Zfight comes from the sun and other self -luminous bodies. • It is 
transmitted by means of vibrations in ether, according to the principles 
of wave-motion. It radiates equally in all directions, travels in 
straight lines, decreases as the square of the distance, and moves 
186,000 miles per second. Light falling upon a body may be absorbed, 
transmitted or reflected. If tlie surface be rough, the irregularly- 
reflected light enables us to see the body ; if it be smooth and highly 
polished, the rays are reflected so nearly as they fall that they form 
an image of the original object. Hnrfaces producing such images are 
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tenned mirrors — ^plane, concave, or convex. The image is seen in the 
line of the reflected ray, and, in a plane mirror, as far behind the 
mirror as the object is in front. Multiple images are produced by 
repeated reflections, as in the kaleidoscope. A concave mirror, as 
generally used, collects the rays, and serves to magnify an object or to 
throw a parallel beam of light. A convex mirror scatters the rays, 
and apparently diminishes the size of an object. 

When a ray enters or leaves a transparent body obliquely it is 
refracted ; if passing into a rarer medium it is bent from, and if into 
a denser, toward a perpendicular. A transparent body with one or 
mere curved surfaces is a lens. There are two dasses— convex and 
concave. The former lens, as generally used, tends, like a concave 
mirror, to collect the rays of light, and is known as a " magnifier"; 
the latter, like a convex mirror, scatters the rays of light, and is 
known as a "diminisher." Mirage is an optical delusion caused by 
reflection and refraction of light in passing through air composed of 
strata of unequal density. Owing to the varying refrangibility of the 
different constituents of the sunbeam, a prism can disperse them into 
a colored band called the solar spectrum. The spectrum shows white 
light to consist of seven elementary colors, and that the sunbeam con- 
tains, in addition to the luminous rays, heat and chemical rays. By 
means of the spectroscope we can examine the spectrum of a flame, 
and find whether it is a burning gas or an incandescent solid. Each 
substance gives a spectrum with its peculiar lines of color. A gas 
absorbs the same rays that it is capable of emitting ; hence we have 
absorption spectra, which contain dark instead of colored lines. A 
delicate mode of analysis is thus furnished, whereby the elements 
even of the distant stars can be detected. The rainbow is formed by 
the refraction and reflection of the sunbeam in raindrops. Light, 
when reflected by or transmitted through bodies, is so modified, chiefly 
by absorption, as to produce the varied phenomena of color. Each 
color has its own wave-length, the minuteness of which is almost 
incredible. Different systems of light, as of sound waves, may co- 
exist. But if any two coincide with similar phases they will strengthen 
each other ; and if with opposite phases, weaken each other. Inter- 
ference of light, as thus produced, causes the play of colors in the 
soap-bubble, mother-of-pearl, etc. Polarized light is that in which 
the molecular vibrations are made in the same plane. It is of use in 
determining the internal constitution of a body. 

The principal optical instruments, including the eye, are adapted 
to produce and examine the image formed by a lens. In the magic- 
lantern, stereopticon, and solar microscope, the image is thrown on a 
screen in a dark room — ^lamplight being used in the first, the calcium 
light in the second, and sunlight in the third. In the refracting tele- 
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scope and the miciosoope, the imAge is fonned in a tube by a lens at 
one end and looked at from behind by a lens at the other end. In the 
eye, which is a small camera-obscora, the image is fonned on the 
retina, whence the sensation is carried by the optic nerve to the 
brain. 



HISTORICAL SKETCH. 

The ancients knew that light is propagated in straight lines. They 
deduced the laws of reflection, and we read that Archimedes set fire to 
the Roman ships off Syracuse by means of concave mirror& Euclid 
and Plato, however, thought that the ray of light proceeds from the 
eye to the object, an error that was long of correction. One thousand 
years did not pursue the subject into other departments. The Arabian 
plulosopher, Alhazen, who lived in the eleventh century, discovered 
the phenomenon shown in Fig. 147. About 1608 the telescope was 
invented by the Dutch * Jansen, Metius and Lippersheim each claimed 
the honor, and the legend is that the discovery grew out of some 
children at play, accidentally arranging two watch-glasses so as to 
magnify a distant object. In fact, however, the action of the convex 
lens was already known, the compound microscope had been in- 
vented by Jansen 20 years previously, and the simple microscope was 
known to the ancient Chaldeans. In 1621 Snell discovered the law of 
refraction. By its aid Descartes explained the rainbow. Half a cen- 
tury of waiting, and Newton published his investigations in the 
decomposition of light. He, however, believed in what is known as 
the "corpuscular theory," which is even yet taught in the older phil- 
osophies. This holds that light consists of minute particles of matter 
radiated in straight lines from a luminous object. In 1676 Roemer, 
by observing Jupiter's moons (p. 150), found out the velocity of light, 
which up to that time had been considered instantaneous. A little 
later, ^jiygens advanced the undulatory theory, which was applied 
with singular skill by Young and Fresnel, in the first quarter of the 
present century, to explain all optical phenomena. (See list of books 
for additional information, on p. 120.) 

* " In 1609, the government of Venice made a considerable present to Signor 
Galileo, of Florence, Professor of Mathematics at Padua, and increased his annual 
stipend by 100 crowns, because, with diligent study, he found out a rule and measure 
by wMch it is possible to see places 90 miles distant as if they were near, and, on the 
other hand, near objects to appear much larger than they are before our eyes."— 
From an old paper in the lAbrary qf Heidelberg UnivereUy. 
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" The combustion of a single pound of coaly supposing it to take place in 
a minute^ is equivalent to the work of three hundred horses ; atid the force 
set free in the burning of 300 lbs, of coal is equivalent to the work of an 
able-bodied man for a lifetime.* 
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HEAT. 

1 FBOBUCnON OF HEAT. 

1. Definitions. — Luminous heat is that which radiates 
from a luminous body, Ex. : The heat of a white-hot iron. 
Obscure heat is that from a non-luminous source. Cold is a 
relative term^ indicating the partial absence of heat. Gases 
and Vapors differ but slightly. The former retain their 
form at the ordinary temperature and pressure, Ex. : Air, 
The latter are readily condensed and at the ordinary tem- 
perature appear as liquids or solids, Ex. : Steam, 

2. Relation between Light and Heat. — Thrust a 
cold iron into the fire. It is at first dark^ but soon becomes 
luminous, like the glowing coals. — Eaise the temperature of 
a platinum wire. We quickly feel the radiation of obscure 
heat-rays. As the metal begins to glow, our eyes detect a 
red color, then orange combined with it, and so on through 
the spectrum. At last all the colors are emitted, and the 
metal is dazzling white. All bodies become luminous at a 
fixeii temperature. like light, heat may be reflected, re- 
fracted, and polarized. It radiates in straight lines in 
every direction, and decreases in intensity as the square of 
the distance. It moves with the same velocity as light. It 
is therefore believed that light is luminous heat, and that 
the three classes of waves in the solar spectrum differ merely 
as one color from another, in the rapidity of the vibrations.* 

■ ■ ■■ - ■ ■■■■■I" ■■— ii».i^....i m 

* According to Tyndallf 95 per cent, of the rajrs fW>m a candle are invisible or heat* 
rays. These may be broaght to a focas arid bodies fired in the darkness.— Each of 
the flye classes of nerves seems to be adapted to transmit vibrations of its own kind, 
while it is insensible to the others. Thnii, If the rate of oscillation be less than that 
of red, or more than that of violet, the optic nerve is nninflaenced by the waves. We 
cannot see with oar fingers, taste with oar ears, or hear with oar nose. Yet these 
are organs of sensation and sensitive to their pecoliar impressions.—** Sappose, by 
a wild stretch of imagination, some mechanism that will make a rod ^im roond one 
ofitsends, qaite slowly at first, but then foster and foster, till it will revolve any 
number of times in a second ; which is, of coarse, perfectly imaginable, though yoa 
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The longer and slower waves of ether fall upon the nerves 
of touch, and produce the sensation of heat. The more 
rapid affect the optic nerve and produce the sensation of 
light. The shortest and quickest cause chemical changes. 

3. Theory of Heat. — Heat is motion. The molecules 
of a solid are in constant vibration. When we increase the 
rapidity of this oscillation, we heat the body; when we 
decrease it, we cool the body. The vacant spaces between 
the molecules are filled with ether. As the air moving 
among the limbs of a tree sets its boughs in motion, and in 
turn is kept in motion by the waving branches, so the 
ether puts the molecules in vibration, or is thrown into 
vibration by them. Ex. : Insert one end of a poker in the fire. 
The particles in contact with the heat are made to vibrate 
intensely; the swinging atoms strike their neighbors, and 
so on, atom by atom, until the oscillation reaches the other 
end. If we handle the poker, the motion is imparted to the 
delicate nerves of touch ; they carry it to the brain, and 
pain is felt. In popular language, ^^the iron is hot," and 

could not find snch a rod or pnt together snch a mechanism. Let tiie whirling go on 
In a dark roomf and suppose a man there knowing nothing of the rod ; how will he 
be affected by it ? So long as it tarns but a few times in the second, he will not be 
affected at aU unless he is near enough to receive a blow on the skin. But as soon as 
it begins to spin from sixteen to twenty times a second, a deep growling note will 
break in upon him through his ear ; and as the rate then grows swifter, the tone will 
go on becoming less and less grave, and soon more and more acute, till it will reach a 
pitch of shrillness hardly to be borne, when the speed has to be counted by tens of 
thousands. At length, about the stage of forty thousand revolutions a second, more 
or less, the shrillness will pass into stillness ; silence will again reign as at first, nor 
any more be broken. The rod might now plunge on in mad tary for a long time with- 
out making any difference to the man ; but let it suddenly come to whirl some million 
times a second, and then through intervening space feint rays of heat will begin to 
steal towards him, setting up a feeling of warmth in his skin ; which again will grow 
more and more intense, as now through tens and hundreds and thousands of mllHons 
the rate of revolution is supposed to rise. Why not billions f The heat at first will 
be only so much the greater. But, Ic I about the stage of four hundred billions there 
is more— a dim red light becomes visible in the gloom ; and now, while the rate still 
mounts up, the heat In its turn dies away, till it vanishes as the sound vanished ; 
but the red light will have passed for the eye into a yellow, a green, a blue, and, last 
of all, a violet. And to the violet, the revolutions being now about eight hundred 
billions a second, there will succeed darkness— night, as in the beginning. This 
darknesA too, like the stillness, will never more be broken. Let the rod whirl on aa 
it may, its doings cannot come within the ken of that mao's senseV* 
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we are burned* K, without touching it, we hold our hand 
near the poker, the ether- waves set in motion by the whirling 
atoms of iron strike against the hand, and produce a less 
intense sensation of heat. In the former case, the fierce 
motion is imparted directly; in the latter, the ether acts as 
a carrier to bring it to us. 

4. The Sources of Heat are the sun, stars, and me- 
chanical and chemical forces. 

(1.) The molecules of the sun and stars are in rapid vibra- 
tion. These set in motion waves of ether, which dart across 
the intervening space, and surging against the earth, give 
up their motion to it. (2. ) Friction and percussion produce 
heat, because additional motion is thereby imparted to the 
vibrating particles.* (3.) Chemical action is seen in fire. 
The oxygen of the air has an affinity for the carbon and 
hydrogen of the fuel. They rush together. As they strike, 
their motion is stopped. The shock sets the molecules in 
vibration. They impart their motion to the ether, and 
thus start waves of heat. 

6. Mechanical Equivalent of Heat {Joule^s Law). — 
In these various changes of mechanical-motion into heat- 
motion no energy is lost. If the heat produced by the black- 
smith's hammer falling on the anvil could be gathered up, 
it would be sufficient to lift the hammer to the point from 
which it fell. A pound-weight falling 772 feet, loill generate 
enough heat to raise the temperature of 1 lb. of water 1°; 

* Savages obtain fire by rubbing together two pieces of wood.— A horse hits his 
shoes against a stone and ^ strikes lire ; '* little particles of the metal being torn off 
are heated hj the shock and bam as sparks.— A ballet checked instantly, as by a 
bone in the body, is partially fhsed.— A train of cars is stopped by the pressure of the 
brakes. In a dark night, we see the sparks flying from the wheels, the motion of 
the train being converted into heat.— A blacksmith pounds a piece of iron until 
it glows. His strokes set the particles of metal vibrating rapidly enough to send 
ether- waves of such swiftness as to affect the eye of the observer.— As a cannon-shot 
strikes an iron target, a sheet of flame pours from it.— Were the earth instantly 
stopped, enough heat would be produced to " raise a lead ball the sice of our globe 
to 884,000" C* If it were to fall to the sun its impact would produce a thousand 
times more heat than its burning. The earth thus contains within itself the elements 
Ibr the ftilfllhnent of the prediction that it shall " m«lt with fervent heat.** 
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conyersely, the amount of heat necessary to elevate the 
temperature of 1 lb. of water 1% will raise a pound-weight 
772 feet 

& PHTBICAL EFFECTS OF HEAT. 

1. Temperature. — The heat-force increases the kinetic 
energy {vis viva, p. 37) of the molecules and so elevates the 
temperature of a body. If, however, the same amount of 
heat be applied to the same weight of different substances 
they will not show the same increase of temperature. In 
estimating the specific heai (see specific gravity, p. 92) of 
the various kinds of matter, the quantity of heat required 
to raise the temperature of 1 lb. of water 1° is taken as the 
standard. That amount would elevate the temperature of 
1 lb. of mercury 30°; hence its specific heat is ^. 

2. Expansion. — ^The heat-force urges the molecules of a 
body into longer vibrations and so increases its size. Hence 
the general law ''Heat expands and cold contracts.'^ As a 
rule, gases expand most, liquids next and solids least. The 
expansive force exerted is often enormous. Thus a rise of 
45° C. in the temperature, which may occur during a sum- 
mer's day, will lengthen a bar of wrought-iron, 10 inches 
long, if^(r*of an inch, and if the ends are fastened, exert a 
strain of 50 tons. When the metal cools, it will contract 
with the same force.* 

The Mercurial Thermometer is an instrument for measur- 
ing temperature by the expansion of mercury, f To graduate 

* A carriage-tire is pat on when hot, that, when cooled, it may hind the wheel 
together.— Rivets used in fastening the plates of steam-boilers are inserted red-hot 
~*< The ponderous iron tubes of the Britannia bridge writhe and twist, like a huge 
serpent, under the varying influence of the solar heat. A span of the tube is de- 
pressed only a quarter of an inch by the heaviest train of cars, while the son lifts it 
%\ inches.**— The Bunker-hill monument nods as it follows the sun in its daily 
course.— Tumblers of thick glass break on the sudden application of heat» because 
the Burfoce dilates before the motion has time to reach the interior. 

t Take the glass tube shown in Fig. 68, and heat the bulb to ex,'>el the air. Then 
plunge the stem in colored water. As the bulb cools, the water will rise and partly 
fill it. Heat the bulb again until the steam pours out of the stem. Ou inserting it & 
second time, the water will All the bulb. In the manu&cture of thermometers, it is 
customary to have a cup blown at the upper end of the stem. This is filled with 
mercury, and the air, when expanded, babbles oat through it, while the metal 
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tt, according to F^urenheit's scale (F.), each thermometer is 
pat in melting ice, and the point to which the mercurj 
sinks is marked 32", Freezing-paint.* It is 
then placed in a steam-bath, and the point to ^^- ^'"■ 
which the mercury rises (when the barometric 
column stands at 30 in.) is marked 312°, Boil- 
ing-point. The space between these two points 
is divided into 180°. In the Centigrade scale 
(C.) the freezing-point is 0, and the boiling- 
point 100°. In Keaumur's scale (R. ), the boil- 
ing point is 80°. t 

3. Liqne&otion or fusion. When heat is 
added to a solid body, a point is finally reached 
when this repellent force neutralizes the attrac- 
tive force (p. 43). The molecules then, escap- 
ing the grasp of cohesion, move freely on one 
another. In this process, large quantities of 
heat are consumed. Thus if ice at 33° be 
melted, 143° of heat will disappear J and the _ 

water will still indicate only 32°. Heat which 
thus enters a body without raising its temperature, is termed 
latent heat. § 

tHckks down as Ibe bulb cools. Tba mercnr? Ib then blRblr beMed, when the tube 
Is melted off and eesled Hi tbo end of tbe colDnm ot mercnry. Tbe moUI CODlrBcU 
on cooling, and leaves a yacanoi abate. 

* Tbe Inreutor placed zero t3° belon Uie temperature of ftveilDg water, because 
be tbongbt that absolDte cold— a point now estlTnated lo be aboat — ns° C, 

t Tbe tbllowlng formiiliB will be of u^e in comparing the readligta of tbe dlO^renl 
"ol™: R = )C = l(F — 8S°). (1.) 

C = 1 R = I (F — ffl"). (S.) 

F = I C + SB" = I R + »". (S.) 

l''C = l.B''F. (4.) 

t TUe bet expMne wb; U Ukei so long a time and BobotslInitaiiieltBnon,and 
the w»t«c wben tbnned ia yet lc«-cold. 

t It laert not be aupposad when considering the nriona changes of eollda to 
liquids, Uqalds to gases, etc., that tbe seceible heat which becomes latent Is lost. It 
Isoccapled In doing work. a« in nentraliiing the force of cohesion and In overcoming 
the presfnre of the air which opposes expansion. Tbe beat-force tbcreb; becomes a 
potential eoaigj which can be conTeited into kinetic. When steam, vapor, ([as, and 
liquids pass back Into their former state, their latent heat Is restored as Beuslble. 
We thoB reach the paradoxical conclnslon lAat OaMng U a anHitf pTOowf and 



Freeginff mixture depend on the prinoiple jnst explained. 
In freezing ice-cream, salt and ice are used. Salt having an 
attraction for water diseolves the ice, and then itself disBolTes 
in the irater thus formed. In this process two solids become 
liqnida. The necessu; heat is absorbed Boainl; from the 
cream. 

Liquefaction of gates. When a gas is cooled, the repellent 
force is weakened, and the molecoles once more approach 
one another. By the continued action of cold and presstire 
every known gas can be reduced to a liquid form. In the 
case of carbonic acid, nitrogen, oxygen, etc., the instant the 
pressure is removed they resome the gaseous stAte. 

Ao-m 



4. Vaporization. — ^When heat is applied to a liquid ths 
temperature rises nntil the boiling-point is reached, when ii 
stops and the liquid is changed to vapor at that constant 
temperature. The vapor is nearly free from solids dissolved 
in the liquid. Ex.: Pure or distilled water is obtained 
by heating water in a boiler A, whence the steam passes 
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through the pipe and the worm within the oondenser S, 
where it is condensed and drops into the vessel D. The 
pipe is coiled in a spiral form within the condenser, and is 
hence termed the worm. The condenser is kept full of cold 
water from the tub at the left. By carefully regulating the 
heat, one liquid may be separated from another by distilla- 
tion. (See Chemistry, p. 196.) 

Bailing-point. When we heat water, the bubbles which 
pass off first are the air dissolved in the liquid ; next bubbles 
of steam form on the bottom and sides of the vessel, and, 
rising a little distance, are condensed by the cold water. 
Breaking, they produce the sound known as ^^ simmering.*' 
As the temperature of the water rises, they ascend higher, 
until they burst at the surface, and pass off into the air. 
The violent agitation of the water thus produced is termed 
boiling.* The boiling-point is not the same in different 
liquids. This causes the variety in the forms of matter. 
Some substances vaporize at orcUnary temperatures ; others 
melt only at the highest ; while the gases of the air are but 
the steam of substances which vaporize at enormously low 
temperatures. 

The boiling-point of water depends on three circum- 
stances : (1.) Purity of the water. A substance dissolved 
in water ordinarily elevates the boiling-point. Thus salt 
water boils at a higher temperature than pure water. The 
air dissolved in water tends by its elastic force to separate 
the molecules. If this be removed, the boiling-point may 

* The temperature of water cannot be raieed above the boiling-point, nnless the 
steam be confined. The extra force is occupied in expanding the water into steam. ^ 
This occupies 1,700 times the space, and Is of the same temperature as the water Arom 
which it is made. Nearly 1000° of heat become latent in this process, but are made 
sensible again when the steam is condensed. Water requires more heat to warm It 
and gives out more heat when it cools (i. «., it has a higher specific heat) than, save 
one or two unimportant exceptions, any other substance. When ice is at 83^ it must 
absorb 143° before it becomes water at 82° ; and when water at 82° it must give off 
143° before it solidifies. The heat which boils ice-cold water would raise iron to a 
glowing red. " The heat-force required to turn a pound of water at 88° into steam 
would lift a ton weight nearly 400 feet high." Steam is invisible. This we can veriiy 
by examining it where it issues from the spout of the tea-kettle. It soon condenses, 
however, into minute globules, which, floatliig In the true steam, render the vapof 
apparently visible. 



190 



HEAT. 



Pig. 179. 



be elevated over 50% when the water will be converted into 

steam with explosive violence. 
(2.) Nature of the vessel Water will boil at a lower 

temperature in iron than in glass. When the surface of the 

glass is chemically clean^ the boi]ing-point is still higher. 

This seems to depend on the strength of the adhesion 

between the water and the containing vessel. 

(3.) Pressure upon the surface raises the boiling-point.* 

Water, therefore, boils at a lower temperature on a moun- 
tain than in a valley. The 
temperature of boiling water at 
Quito is 90° C, and on Mont 
Blanc 84°. The variation is so 
uniform that the height of a 
place can thus be ascertained ; 
an ascent of 596 feet producing 
a difference of l°r. 

The influence of pressure is 
well illustrated by the following 
experiment : Boil a glass flask 
half full of water so as to ex- 
pel the air. Cork quickly and 
invert. The pressure of the 
steam will stop ebullition. A 
few drops of cold water will 
condense the steam, and boiling 
will re-commence. This will 
soon be checked, but can be 
restored as before. The process may be repeated until the 
water cools to blood-heat. The cushion of air which com- 
monly breaks the fall of water is removed, and if the cork 
be air-tight, the water, when cold, will strike against the 
flask with a sharp, metallic sound. 

* Pressure oppos^e the repellent heat-force, and bo renders it easier for cohesion 
to hold the particles together. In the interior of the earth there may he masses of 
matter heated red or white-hot and yet solid, more rigid even than glass, in conse- 
qnence of their melting-;>oint being raised so high by the tremendons pressnie that 
tticy cfumot Hqaet^.—TaU, 
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&, Evaporation is a slow formation of vapor, whicli 
takes place at ordinary temperatures. Water evaporates 
even at the freezing-point. Clothes dry in the open air 
in the coldest weather. The wind quickens the process, 
hecause it drives away the moist air near the clothes and 
supplies dry air. Evaporation is also hastened by an in- 
crease of surface and a gentle heat. 

Vacuum pans are employed in condensing milk and in 
the manufactnre of sugar. They are so. arranged that the 
air above the liquid in the vessel may be exhausted, and 
then the evaporation takes place rapidly, and at so low a 
temperature that burning is avoided. 

The cooling effect of evaporation is due to sensible heat 
becoming latent in the vapor. • Water may be frozen in a 
vacuum, if the vapor be removed as fast as formed.! 1"^ 
is manufactured in the tropics by machines constructed on 
this principle. The greatest artificial cold known, — 330° P., 
was produced by evaporating in a vacanm liquid nitrous 
oxide gas and disnlphide of cwbon, 

• noni Hobunmeduia were fonaeri;r ><- ^^- ^^- 

raulomed to place, Id nichea aloDg the pabllc 
MrceU, porone eartbenwue botUes (EMg. 180), 
ailed with water, to lebesh tlie thlnt; cravel- 
lere. 

t Tbere Ii an appantiu for freezlns water 
nnder tbe leceiver of an alr-pamp. A waCch- 
glaai of water Is placed over a pan or etiong 
enlpharic acid, whicb abHirbB the Tapor, Bad, 
In Uis Tacnmn, a part of tbe water etaporaten 
so rapidly ae to f^eeo the rcmaliidflr. — Liquid 
carbonic add exposed to the open air evaporates 
to qrdcUy u to coDvert Ilseir lata a enowy- 
whlte solid. ThiB wlU aolldlfr mennry. On 
throwing tbe froieD metal Into water, the iner- 
cniy InBlantlj HqDcBea, but (he water turDB to 
tee, (he solid Ihoa becoming a ilqnld and the 
Uquld a aoUd b; tbe eichange of beat. A cold 

kntfe cuts (hrongh tbe maaa of tmea mercury as a hot knife nnuld ordinarily tbroogh 
butter. The an(hDr, on one occasion, saw Tyndall, daring a conrae of lectnrea at 
the Royal InatltntlOE at London, when freeslng a ladle tif mercnry In ■ red-hot orn- 
ctbte, add aome ether to hasten the evaporation. The Ilqnld canght fire, but the 
metal wae drawn oat rrom (be glowiDg cradbte, throngb tbe mldat of the flame, 
Itoien tnto a BoHd masa. 
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6« Spheroidal State. — ^If a few drops of water be pni 
in a hot, bright spoon, they will gather in a globule, which 
will dart to and fro over the surface. It rests on a cushion 
of steam, while the currents of air drive it about. If the 
spoon cool, the water will lose its spheroidal form, and 
coming into contact with the metal, burst into steam with 
a slight explosion.* # 

& COmCUNICATION OF HEAT. 

Heat tends to diffuse itself equally among surrounding 
bodies.! There are three modes of distribution. 

1. Conduction is the process of heating by the passage of 
heat from molecule to molecule. Ex. : Hold one end of a 
poker in the fire, and the other end soon becomes hot 
enough to bum the hand. Of the ordinary metals, silver 
and copper are the best conductors, J Wood is a poor con- 
ductor, especially " across the grain.'' 

Oases are the poorest conductors ; hence pcrous bodiea, 
as wool, fur, snow, charcoal, etc., which contain large quan- 
tities of air, are excellent non-conductors. Eefrigerators 
and ice-houses have double walls, filled between with char- 
coal, sawdust, or other non-conducting substances. Air is 
so poor a conductor that persons have gone into ovens, which 
were so hot as to cook meat, which they carried in and laid 
on the metal shelves; yet, so long as they did notthem- 



* Drops of water spilled on a hot store llhistrate the principle.— By moistening 
the linger, we can touch a hot flat-iron with impunity. The water assumes this state, 
and thus protects the flesh from injury.— Furnace-men can dip their moistened hands 
into molten iron.— Perhaps the historical accounts of persons walking unharmed 
over red-hot ploughshares are to be explained in this manner. 

t If we touch an object colder than we are, it abstracts heat from us, and we say 
" it feels cold ; " If a warmer body, it imparts heat to us, and we say " it feels warm." 
Adjacent objects hare, however, the same temperature, though flannel sheets feel 
warm, and linen cold. These effects depend upon the relative conducting power of 
different substances. Iroi^feelB colder than feathers because it robs us foster of oar 
heat. 



t Place a silver, a German-silver, and an iron spoon in a dish of hot water. 
Notice how much sooner the handle of the silver spoon is heated than the others. 
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selves toncb any good condnctor, they experienced little 
inconvenience. 

Liquidg are also poor condnctors. '^ *^ 

Ex. : Hold the upper end of a test- 
tube of water in the Same of a lamp. 
The water nearest the blaze will boil 
without the heat being felt by the 
hand. 

2. Convection is the process of 
heating by circulation. (1.) CoH- 
VEcnON OF Liquids. — Place a little 
sawdust in a flask of water, and ap- 
ply heat. We shall soon find that an 
ascending and a deecending current 
are established. The water near the 
lamp becoming heated, expands and 

rises. The cold water above sinks to take its place. 

(2.) Op Gases. — By testing with a lighted candle, we 
sh^l find at the bottom of a door opening into cold air, s- 
cnrrent setting inward, and at the top, one setting outward. 
The cold air in a room flows to the stove along the floor, is 
heated, and then rises to the ceiling. Heating by hot-air 
furnaces depends upon the principle that warm air rises. 

3. Radiation is the transmitsion of heat-rays in straight 
lines. The heat from the son comes to the earth in this 
manner. A hot stove radiates heat. Bays of heat do not 
always- elevate the temperature of the medium through 
which they pass. When the motion of the ether-waves is 
stopped, the effect is felt,* Space is not warmed by the 
sunbeam. Meat can be cooked by radiation, while the air 
around is at the freezing-point. A rough, unpolished sur- 
face is a better radiator than a smooth, bright one. Extent ^ 
of surface increases radiation. Air, vapor, and glass allow 

* !%■ Btdlometer Is ■ mriinii tnBtrnnisnt that, tar ■ time, mt (Dppond b> 



Id4 SEAT. 

luminous rayB of heat to pass through them readily. Thus 
the heat of the snnbeam easily peuetratea our atmosphere, 
windows, etc. But the earth, and variona objects on its snr- 
face, absorb and radiate the heat back again aa obscure heat 
in long, slow waves. These hare no power to pass the 
watery vapor in the air or through glass. The moisture o( 
the air thas acts as a trap to catch the snnbeam for us. If 
the aqueous yapor were removed, the earth would become 
nninhabitable. On the desert of Sahara, where " the soil 
is fire and the wind is flame," the dry air allows the 
heat to escape so readily that ice is sometimes formed at 
.night. 

Absorplion and reftedion are intimately connected with 
radiation. A good absorber is also a good radiator, bat a 
good reflector can be neither. Snow is a good reflector, but 
a poor absorber or radiator. Light colors absorb solar heat 

less and reflect more than dark colors.* 
Fis. iBi. White is generally considered the best 

reflector, and black the beat absorber 

and radiator. 



BIlBpended In ■ g\itm globe fnnn vhlcb Uie air li n- 
baaaled as fall; m poaelble, wbta the glob« \a bsimetl- 
•Mlj sealed. The tbnr arms of the vane canr each a 
thlD pjtb disk, blacic on one elde and white ou tbe olber. 
When dayUght blls npoa it tbe raoe remlveg lapidlr- 
Tbs motion ceasea as foon aa the light li remOTed. 
Wben diO^real gases are admitted Into the globe, tbe 
rate of rotation carles. It U now thought that Uie nn- 
eqosl healing of tbe black and while anrbcea of tba 
disks canses a Teactlon of the gasea, and the fone of this 
reaction varies la acccrdance with the rapidity of Ibelr 



■ Beceot experiments show Uiit with srtlOclal beat 
themolecniar condition of tbe enrlbce varies radiation aa 
well aB ledection. In fact, white lead U aa good a radi- 
ator as lampblack, — On one side of a sheet of paper paste 
letters of gold-leaf. Spread over tbe opposite side a IMn 
coating of acariel Iodide of raercary— a salt which tarns 
ji yellow on tbe application of heat (See Clemisirg, v. Xl.} 
I Turn the scarlet side down. Hold over tbe paper a rsd- 
I hot Iron. Thegold-leafwinreflectthobeat,bottliepapcr 
I spaces between the Utters will absorb It, and on tnmlDg 
tbe paper ovei-, the gilt letters win bs Cnnd traced in 
scarlet on a yellow backgraond- 
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4. TEB STEAH-ENaiHK. 

When Bteam rises from water at a temperature of 212' it 
has an elastic force of 15 lbs. per square inch. If the steam 
be confined and the temperature raised, the elastic force will 
be rapidly increased. 

^ ■ „, , . Flo. 183. 

1. The Steam-engine is a ma- 
chine for using the elastic force of 
steam as a motive power. There are 
two classes, high-pressure and lotv- 
pressure. In the former, the steam, 
after it has done its work, is forced 
out into the air; in the latter, it is 
condensed in a separate chamber by 
a spray of cold water.* The figure 
represents the piston and connecting 
pipes of an engine. The steam from 
the boiler passes through the pipe 
into the steam-chest, as indicated by 
the arrow. The slidJng-valve worked 

by the rod h lets the steam into the cylinder, alternately 
above and below the piston, which is thna made to play 
up and down by the espansive force. 

Fig. iM. 'Z. The Qovemor is an apparatus 

for regulating the supply of steam, AB 
is the axis around which the heavy balls 
E and D revolve. When the machine 

is going too fast the balls fly out and 
shut off a portion of the steam ; when 
too slowly, they fall back, and, opening 
the valve, let on the steam again. 

3. A High-presBure Engine is 

■ As the Bteam Is condeneed In the low-pre«BUre engine, a TUaDin Is [onned 
behlDd tha pleton; irhOe Itie ptoton or the higb-preuuie eu^ue acta agtdnet Ibe 
pleasure of the klr. Tbc elastic force of Uu Bteom moat be IS Ibe. per •qnwe Inch 
greMer tn t]ie latter caM. 
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Bhown in Fig. 185. A represents the cylinder^ B the steam- 
chesty C the throttle-valve in the pipe through which steam 
is admitted from the boiler, D the governor, E the band- 
wheel by which the governor is driven, F the pump, G the 
crank, I the conductor attached to a the cross-head, H the 
eccentric rod (A in Fig. 183) which works the sliding-valve 
in the steam-chest, K the governor-valve, S the shaft by 
which the power is conveyed to the machinery. The cross- 
head, a, slides to and fro in a groove, and is fastened to the 
rod which works the piston in the cylinder A. The expan- 
sive force of the steam is thus communicated to a, thence 
to I, by which the crank is turned. The heavy fly-wheel 
renders the motion uniform (p. 78). 

6. IfETEOROLOOY. 

1. Gteneral Principles. — (1.) The air always contains 
moisture. The amount it can receive depends upon the 
temperature ; warm air absorbing more, and cold air less. 
At 75°, a cubic yard of air can hold over half an ounce of 
water; a reduction of 27° will cause half that quantity to 
be deposited. When the air at any temperature contains all 
the vapor it can hold, it is said to be saturated ; any fall of 
temperature will then condense a part of the vapor. 

(2.) When air expands against pressure (f. e., doing work 
in the expansion) its sensible heat becomes latent, and 
there is a fall of its temperature. The warm air from the 
earth ascending into the upper regions^ is thus rarefied and 
cooled. Its vapor is then condensed into clouds, and often 
falls as rain. Owing to this expansion of the atmosphere 
and the greater radiation of heat in the dry air of the upper 
regions, there is a gradual diminution of the temperature 
as the altitude increases, the mean rate in the north tem- 
perate zone being about 1° for 300 feet. 

3, Dew.* — The grass at night, becoming cooled by radi* 

* Dew was anciently thongfat to poesesB wonderftil properties. Baths in this 
precious liquid were said greatly to conduce to beauty. It was collected for this 
puipoee, and for the use of the alchemists in their weird experiments, by spreading 
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ation, condenses upon its surface the yapor of tiie air. Dew 
will gather most freely upon the best radiators^ as they will 
the soonest become cool. Thus grass^ leares^ etc., which 
need the most, get the most. It wiD not form on windy 
nights, because the air is constantly changing and does not 
become cool enough to deposit its moisture. In tropical 
regions the nocturnal radiation is often so great as to form 
ice. In Bengal, water is exposed for this purpose in shallow 
earthen dishes resting on rice straw. The most dew collects 
on a clear, cloudless night. In Chili, Arabia, etc., by its 
abundance, it supplies the place of rain. When the tem- 
perature of plants falls below 32°, the yapor is frozen upon 
them directly, and is called white or hoar-frost. 

3. Fogs are formed when the temperature of the air falls 
below the dew-pointy L e., the temperature at which dew is 
deposited. They are characteristic of low lands, rivers, etc., 
where the air is saturated with moisture. 

4. Clouds differ from fogs only in their elevation in the 
atmosphere. They are formed when a warm, humid wind 
penetrates a cold air, or a cold wind a wann, humid air. 
Clouds are constantly falling by their weight, but as they 
melt in the warm air below, by condensation they increase 
above. 

The nimbus cloud is a dark-colored cloud from which rain 
is falling. 

The stratus cloud is composed of broad, widely-extended 
cloud-belts, sometimes spread over the whole sky. It is the 
lowest cloud, and often rests on the earth, where it forms a 
fog. It is the night-cloud. 

The cumulus cloud is made up of large cloud-masses look- 
ing like snow-capped mountains piled up along the horizon. 
It forms the summits of pillars of vapor, which, streaming 
up from the earth, are condensed in the upper air. It is 



fleeces of wool upon the ground. Lanrens, a philosopher of the middle ages, claimed 
that dew Is ethereal, so that if we should fill a lark's egg with it and lay it out in the 
i Bun, immediately on the rising of that luminary, the egg would fly off into the air I 



\ 
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the day-clond. When of small size and Been near mid-day, 
it is a sign of fair weather. 

The cirrus (curl) cloud consists of light, fleecy clouds 
floating high in air. It is composed of spicolte of ice or 
flakes of snow. 



The cirro-cumulus is formed by small rounded portions 
of cirrus cloud, having a clear sky between. Sailors call 
this a " mackerel sky." It accompanies warm, dry weather. 

The cirro-stratus is produced when the cirma clond 
spreads into long, slender strata. It forebodes storms. 

The ciimulo-stratus presents the pecnliu form called 
" thunder-head." It is caused by a blending of the cumulus 
with the stratus, and is a precursor of thunder-storms. 

5* Rain is rapor condensed by the sudden cooling of the 
air in the upper regions. At a low temperature the vapor is 
frozen directly into snow. This may melt before it reaches 
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tiie earth, and fall as rain. A endden draught of cold ur 
into a heated ball-room hae prodaced a miniatnre snow- 
storm. The wonderfal yariely and beanty of aaov-cryBtala 
are illoBtrated in the fignre. 



6. Winds are produced by variationa in the temperature 
of the air. The atmosphere at some point is expanded, 
rises, and colder air flows in to supply its place. This pro- 
duces currents. The land and sea breezes of tropical islands 
are caused by the unequal specific heat of land and water. 
During the day the land becomes more highly heated than 
the water, and hence toward evening a sea-breeze sets in 
from the ocean. At night the land cools faster than the 
water, and so toward morning a land-breeze sets out from 
the land. 

Trade-winds are so named because by their regularity th^ 
favor commeree. A vessel on the Atlantic Ocean will some- 
times, without shifting a sail, set steadily before this wind 
from Oape Verde to the American coast. The air about 
the equator is highly heated, and, rising to the upper 



MBTEOBOLOGT. 201 

regions^ flows off north and soath. The cold air near the 
poles sets toward the equator to fill its place. If the earth 
were at rest this would make an upper warm current flowing 
from the equator, and a lower cold current flowing toward it. 
As the earth is revoMng on its axis from west to east, the 
under current starting from the poles is constantly coming 
to a part moving faster thw itself. It therefore lags behind. 
When it reaches the north equatorial regions it lags so much 
that it becomes a current from the northeast, and in the 
south equatorial regions a current from the southeast. 

7. Ocean Currents are produced in a similar manner. 
The water heated by the vertical sun of the tropics rises and 
flows toward the poles. The Gulf Stream, which issues from 
the Gulf of Mexico, carries the heat of the Caribbean Sea 
across the Northern Atlantic to the shores of Scotland and 
Norway. This tropical river flowing steadily through the 
cold water of the ocean, rescues England from the snows of 
Labrador. Should it by any chance break through the 
Isthmus of Panama, Great Britain would be condemned to 
arctic glaciers. 

8. Adaptations of "Water. — The great specific heat of 
water exercises a marked influence on climate. Warm 
winds sweeping northward meet the colder air of the tem- 
perate regions and deposit their moisture. The latent heat 
which the vapor absorbed in the sunny South is set free, to 
temper the severity of our snowy climate. Thus, aerial and 
oceanic currents constitute a water circulation which is a 
natural steam-apparatus on the grandest scale, having a 
boiler at the equator and steam-pipes running over the 
globe. Water also tends to prevent sudden changes of 
weather. In the summer it absorbs vast quantities of heat, 
which it gives off in the fall to moderate the approach of 
winter. In the spring the melting ice and snow drink in 
the warmth of the sunbeam, which else might prematurely 
coax forth the tender buds. Since so much heat is required 
tp melt th^ ige mi snow, they dissolve very slowly, and thu^ 
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ward oflf the disastrous floods which would follow, if they 
passed quickly into the liquid state. 

Water contaLas air, which is necessary for the support of 
fish. Just here occurs one of those happy coincidences 
which frequently startle the reverent searcher in Nature. 
Were water deprived of air, it would be liable to explode at 
any moment when it happened to be heated above 212°. 
Every stove-boiler would need a thermometer. A tea-kettle 
would require as careful watching as a steam-engine, and 
our kitchens would witness frequent and perhaps disastrous 
explosions. 

Water, like other liquids, expands with heat, and con- 
tracts, on cooling, down to 39° F.* Then it slowly expands 
until it reaches 32° F., when it freezes.! The bursting of 
water-pipes and pails is a familiar example of this excep- 
tion. Under the operation of the general law, the water at 
the surface radiating its heat and becoming chilled, would 
contract and fall to the bottom, while the warm water below 
would rise to the top. This process would continue until 
the freezing-point was reached, when the whole mass would 
solidify into ice. Our lakes and rivers would freeze solid 
every winter. This would be fatal to the fish. . In the 
spring, the ice would not, as now, buoyant and light, fioat 
and melt in the direct sunbeam, but, lying at the bottom, 
would be protected by the non-conducting water above. 
The longest summer would not be suflBcient to thaw the 
deeper bodies of water. An exception prevents these calam- 



* Since ice when It melts contracts, pressure aids in liqnefkction and so lowers 
the melting-point (p. 190). A glacier descending a mountain melts at every place 
where there is pressure and ft>eezes again when the ohstacle is passed. Bits of ice 
when squeezed freeze together. This property is called regeloHon. In the winter, 
snow is packed into ice by loaded wagons. 

t Fit a small flask with a cork, through which passes an upright glass tube. Fill 
with colored water. Apply heat to the flask until the liquid runs over the top of the 
tube. This shows the expansion by heat Now apply a freezing mixture to 
the flask, and at first the liquid in the tube &lls, but soon begins to rise. When it 
runs over as before, apply heat and it shrinks back again. Thus cold wiB expand 
and Tieat contract it. When water is at its maximum density (aboi;t ^°) e;^an8}j}|i 
sets in alike, whether you heat or copl 1%, 
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itoiis consequences.* The cold water expanding and rising 
to the top protects the warm water beneath, while ice itself, 
being a non-condnctor, preserves the temperature during 
the winter. 

Water^ in freezing, has a tendency to free itself from 
impurities. Thus, melting ice furnishes a means of obtain- 
ing fresh water in Arctic regions. If a barrel of vinegar 
freeze, we shall find the acid collected in a little mass at 
the centre of the ice. 

When the dew gathers at night sufficiently to form a 
covering upon the plants, being a non-conductor, it stops 
farther radiation of heat. Thus, by a nice provision, the 
effect of radiation checks the radiation itself, as soon as the 
wants of the thirsty vegetation are supplied. 

PRACTICAL QUESTIONS.— 1. Why will one'i hand, on a froety morning, freese 
to a metallic door-knob eooner than to one of porcelain f S. Why does a piece of 
bread toasting curl np on the side exposed to the Are ? 8. Why do double windows 
protect from the cold ? 4. Why do Aimace-men wear flannel shirts in summer to 
keep cool, and in winter to keep warm ? 6. Why do we blow our hands to make 
them warm, and our soup to make it cool? 6. Why does snow protect the grass in 
winter f 7. Why does water ** boil away ** more rapidly on some days than on others ? 
8. What causes the crackHng sound of a stove when a fire is lighted ? 9. Why is the 
tone of a piano higher in a cold room than in a warm one ? 10. Ought an inkstand 
to have a large or a small mouth ? 11. Why is there a space left between the ends 
of the rails on a railroad track? 12. Why is a person liable to take cold when his 
clothes are damp? 18. What is the theory of com-poppiug ? 14. Could vacuum- 
pans be employed in cooking ? 16. Why does the air feel so chlUy in the spring, 
when snow and ice are melting ? 16. Why, in freezing icecream, do we put the ice 
in a wooden vessel and the cream in a tin one ? 17. Why does the temperature 
generally moderate when snow ftiUs ? 18. What causes the singing of a tea-kettle? 
Aru. The escaping steam is thrown into vibration by the shape of the spout. 19. 
Why does sprinkling a floor with water cool the air ? 90. How low a degree of tern- 



* Certain metals— iron, bismuth, etc.— are also exceptions to the general law. 
This fact adapts them for castings. Who shall say these are not aU thoughtlhl pro- 
visions for our wants ? 

t Water distills flrom the ocean and laod as vapor, at one time cooling and 
refreshing the air, at another moderating its wintry rigor. It condenses into clouds, 
which shield the earth from the direct rays of the sun, and protect against excessive 
radiation. It falls as rain, cleansing the air and quickening vegetation with renewed 
life. It descends as snow, and, like a coverlet, wraps the grass and tender buds in 
its protecting embrace. It bubbles up in springs, invigorating us with cooling, 
healing drangfats in the sickly heat of summer. It purlfles our system, dissolves our 
food, and keeps our Joints supple. It flows to the ocean, fBrtUiaing the soil, and 
floating the products of industry and toi) to tl^e iparkets pf th9 wprl^, (glee (ffififh 
kt^, pp. W-W 
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pemtore cm benaihad by • meicorfri thfl r m o me to r t tL IT the temperature Is 10^., 
whatiBit0.r H WUldewform on an Iron briditef Onafihuikwalk? 88. Why 
will not com pop when reiy diy t 94. When the interior of the earth la so hot, why 
do we get the ooldeat water from a deep well ? 9S. Ought the bottom of a tea-kettle 
to be poiiahed ? M. Which boila the sooner, milk or water? 87. Is it economy to 
keep oar atoyes higlily poiiahed f 98. If a thermometer be held in a mnning stream, 
will it indicate the same temperature that it woold in a pailftil of the same water f 
99. Which makes the better *' holder," woollen or cotton ? 80. Which will give oat 
the more heat, a plain stove or one with ornamental designs ? 81. Does dew Ihll f 
88. What caoses the ^* aweadng " of a pitcher ? 88. Why is evaporation hastened in 
a vacaam f 81 Doea atirriog the ground around plants aid in the deposition of 
dew ? 85. Why does the snow at the foot of a tree melt sooner than that in the 
open field ? 86. Why is the opening in a chimney made to decrease in siae Ihnn 
bottom to top? 87. Will tea keep hot longer in a bright or a doll teapot? 88. 
What causes the snapping of wood when laid on the fire f Ant. The ezpanaion of 
the air in the oeDs of the wood. 80. Why is one*8 breath visible on a cold day? 
40. What gives the bine color to air f Ana. The opaque particles fioating in it reflect 
the blue light of the sunbeam. 41. Why is light-colored clothing cooler in summer 
and warmer in winter than dark? 48. How does the heat at two fset from the fire 
compare with that at four feet ? 48. Why does the frost remain later in the morning 
upon some objects than upon others ? 44. Is it economy to use green wood ? 46. 
Why does not green wood snap ? 40. Why will a piece of metal dropped into a glass 
or porcelain dish of boiling water increase the ebullition? 47. Which can bo 
ignited the more qnickly with a burning-glass, bUusk or white paper ? 48. Why 
does the air feel colder on a windy day? 49. In what did the miracle of Oideon^s 
fleece consist ? 60. Could a buming-Iens be made of ice? 61. Why is an iceberg 
frequently enveloped by a fog? 68. Would dew gather more fi'eely on a rnsty stove 
than on a bright kettle ? 58. Why is a dear night colder than a cloudy one ? 54. 
Why is no dew formed on cloudy nights ? 66. Why will ** flmnlng ** cool the fiice ? 
56. How are safes made flre-prcof ? 97. Why can you heat water quicker in a tin 
than a china cup ? 68. Why will a woollen blanket keep ice fh>m melting ? 60. Does 
dew form under trees ? 00. What is the principle of heating by steam ? 61. Why is 
a gun flring blank cartridges more heated than one firing balls ? 08. What is the 
cause of ^* cloud-capped " mountains ? 63. Show how the glass In a hot-house acts 
as a trap to catch the sunbeam. 64. Does the heat of the sun come in through oar 
windows? 65. Does the heat of our stoves pass out in the same way? 66. Is a 
heavy dew a sign of rain ? Ana. Yes ; becaose it shows that the moisture of the air 
is easily condensed. 87. Is a dusty boot hotter to the foot than a polished one ? 66t. 
The top of a mountain is nearer the sun, why is it not warmer ? 60. What is hoar- 
frost ? Ana. Frozen dew. 70. Why will a plight covering protect plants from frost ? 
Ana. Because it prevents radiation. 71. Why is there no frost on cloudy nights ? 
Ana. The clouds act like a blanket, to prevent radiation and keep the earth warm. 
78. Can we find frost on the windows and on the stone-flagging the same morning ? 
73. Why will not snow " pack" into balls except in mild weather ? 74. Why is the 
sheet of zinc under a stove so apt to become pnckered ? 75. Why does a mist 
gather in the receiver of the air-pump as the air becomes rarefled ? 76. Why are 
the tops of high mountains in the tro];^C8 covered with perpetual snow ? 
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SUMMARY. 

ffeat is piodxLoed by longer and less refrangible waves and slower 
vibrations of ether than those which canse light. Both Imninoos and 
obscure heat may be radiated, reflected, refracted, absorbed, focused, 
and polarized in precisely the same manner as the light-force. In 
fact, light is only vicdble radiant heat. If we elevate the temperature 
of a body sufficiently, we can change heat-rays into light-rays. A 
body which allows the radiant heat to pass through it easily is styled 
diathermanouB ; rock-salt is such a body, being to heat-rays what glass 
is to Ught-rays. The sun is the principal source of heat. But heat 
can be obtained by chemical and mechanical means. In burning coal 
we secure it by the former method. Mechanical force may be changed 
directly into heat, as in striking fire with flint and steel, and in ham- 
mering a bullet on an anvil until it is hot. According to Joule's law, 
772 feet fall of a weight corresponds to 1** of temperature in the same 
amount of water. (Becent investigations by JoxQe and others indicate 
that 780 feet is nearer the exact truth.) 

Among the physical effects of heat are a change of temperature, 
expansion, liquefaction, vaporization, and evaporation. The heat- 
force increases the ms m/m of the molecules, thus elevating the tem- 
perature; and the increased vibration of the molecules causes an 
expansion of the body. The latter is so uniform that it is used to 
indicate changes of temperature, as in the thermometer. The expan- 
sion of the metals by heat is turned to account in many art processes. 
The walls of a gallery in the Conservatoire des Arts et Metiers in 
Paris, had begun to bulge. To remedy this, iron rods were passed 
across the building and screwed into plates on the outside of the walls. 
By heating the bars, they were expanded, when they were screwed 
up tightly. Being then allowed to cool they contracted, thus drawing 
the walls back toward a perpendicular. 

Heat is the great antagonist of cohesion. The liquid and gaseous 
states of bodies depend on its relative presence or absence (absolute 
cold is as yet only a theoretical condition, all bodies with which we 
are familiar containing heat). When the heat force nearly balances 
the cohesive, the body breaks down into a liquid, and when the repel 
lent fairly triumphs, the particles fly off as a gaa. Immediately before 
and after each of these marked changes, viz. : of a solid to a liquid 
and of a liquid to a gas, the thermometer indicbtes the same temper- 
ature. Thus water from melting ice affects the thermometer just as 
the ice does, and steam is no hotter than the boiling water. The heat 
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which. In these pvooeases^ becomes hidden from the thennometer Is 
called latent, though we now know that, being occupied in doing 
internal work, it has merely taken the static form, and can be readily 
turned again into the dynamic. The so-called latent heat of water is 
only the potential heat-energy of the separated molecules, which will 
reappear the instant the molecules collapse and come once more within 
the grasp of cohesion. On this principle is based the method of heat- 
ing by steam. Evaporation is a slow vaporization that takes place at 
all temperatures, but may be greatly increased by a diminution of 
pressure, as in a vacuum. It is a oooling process, and is practically 
applied to the manufacture of ice. 

By the subtraction of heat, i. «.. by cold, and by the addition of 
pressure, which antagonizes the repellent heat-force, gases may be 
liquefied and even congealed, the transparent carbonic-acid gas thus 
becoming a snowy solid. What were formerly called the " permanent 
gases" (oxygen, hydrogen, etc.), have recently (Dec. 1877) been lique- 
fied by means of the cold produced by their rarefaction (see p. 197) 
when they were suddenly released from a pressure of two or three 
hundred atmospheres. 

Heat is conducted from molecule to molecule of a body, rculiated in 
straight lines through air (or space), and circulated by the transfer- 
ence of heated masses through a change of specific gravity due to 
expansion. The first method is characteristic of solids, and the third 
of liquids and gases. The elastic force of steam increases when it is 
confined and a higher temperature is reached. The steam-engine 
utilizes this principle. There are two forms of this machine, the 
high-pressure and the low-pressure, according as the waste steam is 
ejected into the air or condensed in a separate chamber. The phe- 
nomena of dew, rain, etc. depend upon the fact that a change from a 
higher to a lower temperature causes the air to deposit its moisture. 



HISTORICAL SKETCH. 

Democritus, the originator of the Atomic Theory, held that heat 
consists of minute spherical particles radiated rapidly enough to pen- 
etrate every substance. Until very recently heat and light were thus 
reckoned among the Imponderables, i. e,, matter which has no weight 
Still, even in early times, some philosophers caught glimpses of a true 
theory. Aristotle considered heat more a condition than a substance. 
Bacon, in his Novum Organum, wrote : " Heat is a motion of expan- 
sion ; " and elsewhere, '* Essential heat is motion and nothing else. " 
Locke, half a century later, said : " Heat is a very brisk agitation of 



J 



BISrOBtOAL SKBTOH. 207 

the insensible parts of aa object, which produces in ns the sensation 
from whence we denominate the object hot, so that what in onr sen- 
sation is heat, in the object is motion." 

The material view, however, held its ground. At the beginning of 
the 18th century, Stahl elaborated a theory that a buoyant substance 
called pJdogitAon is the principle of heat, and that when a body bums, 
its phlogiston escai)es as fire. In 1760, Dr. Black investigated and made 
known the principles of what he termed UUent heat, i. 6., heat which 
becomes hidden when ice is turned into water or water into steam. 
Priestiey discovered, in 1774, and Lavoisier afterward developed, the 
modem view of combustion. But the latter philosopher then advanced 
the theory that heat (caloric) is an actual substance, which passes freely 
from one body to another and combines at pleasure. This caloric 
theory still holds its place in our older philosophies. Toward the 
close of the 18th century, Benjamin Thompson, better known as Count 
Rumford, a native of Wobum, Mass., but in the employ of the Elector 
of Bavaria, proved the convertibility of force. "He first took the 
subject," as Prof. Youmans well romarks, "out of the domain of 
metaphysics, whero it had been speculated upon since the time of 
Aristotle, and placed it on the true basis of physical experiment." 

Rumford was led to investigate the naturo of heat from noticing, 
in the workshops at Munich, how hot the cannon became while boring. 
Thero seemed to be no limit to the amount of heat which could be 
produced, yet the cannon, the boror and the chips lost nothing, so far 
as he coidd detect. If heat were a fiuid, aa the calorie theory asserted, 
then thero should be an end to the process, sooner or later. Rumford 
now began to get gleams of the truth of the vibratory theory. Taking 
a large piece of brass with a hollow at one end, he fitted to it a blunt 
steel borer, which pressed down upon the metal with a weight of 
10,000 lbs. This apparatus he placed in a box holding about 18} lbs. 
of water. The brass was then made to revolve by horse-power at the 
rate of 82 times per minute In the beginning the water in the box 
was at 60° F., but in two hours and a half it actually boiled. " It 
would be difficult," wrote Rumford, "to describe the surprise and 
astonishment of the bystanders to see so large a quantity of water 
heated and actually made to boil without any fire." He naively adds 
that he was himself as delighted as a child, and forgot all the dignity 
becoming a philosopher. By this experiment he had proved that 
motion can he turned into heat. His experiments, however, conclusive 
as they now seem to be, were, at the time, the subject of ridicule. Sir 
Humphrey Davy next began to see the truth, and, in 1799, melted two 
pieces of ice by friction in a vacuum. 

Soon the scientific world seemed to be ripe for this discovery, and 
It appears to have sprung up spontaneously in men's thoughts eveirf* 
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where. Mayer, a physldan of Gemiaiij, and Giove, of Rngland, 
pzoyed the mutual relation of the foroesy the latter first using the 
term ''Correlation of Forces/* sinoe changed to Conservation of 
Energy. Joule discoyered the law of the " Mechanical Equiyalent of 
Heat*" about 1848. In his famous experiments he used pound-weights 
made to fall through a measured distance. Cords were attached to 
them, so that, as they fell, they turned a paddle-wheel placed in a box 
of water. Other liquids were used instead of the water. The rise of 
temperature in the liquids was carefully marked. The loss by friction 
in the apparatus was estimated, and so, at last, the dynamical theory 
of heat was fully demonstrated. Names of philosophers well kuQwn 
to us, such as Henry, Helmholtz, Faraday, Thomson, Maxwell, Leconte, 
Youmans, Stewart, and Tyndall, are associated with the final estal)lish- 
ment of this theory. 

Consult, on this interesting subject, Taifs "Recent Advances in 
Physical Science ; *• Stewart's *• Treatise on Heat ; " Tjmdall's " Heat a 
Mode of Motion;" Maxwell's "Theory of Heat;" Thurston's "His- 
tory of the Growth of the Steam-Engine ; " Buckley's " Short History 
of Natural Science;" Smiles's •• Lives of Boulton and Watt;" Tou- 
mans's " Correlation of the Physical Forces ; " " Read and the Steam- 
engine;** American Cyclopflsdia, Art "Steam-engine;" Popular 
Science Monthly, Vol. XII, p. 616, Art "Liquefaction of Gases;" 
Loomis's "Meteorology," and Maiuy's "Physical Geography of the 
Sea." 



IX. 

On- JEjLbctricity. 



* That power whieh^ Hke a potent spirit^ guides 
The sea^wide wanderers over distant tides. 
Inspiring confidence wher^er they roam. 
By indicating still the pathway home^ — 
Thrp^gk nature, quickened by the solar beam^ 
Imftsts each atom with a force supreme. 
Directs the cavem^d crystal in its birth. 
And frames the mightiest mountains of the earth / 
£ach leaf and /lower by its strong law restrains, 
Astd binds the wiamurch Moe^ vdihist its mysHc chains J* 

Hunt 
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ELECTRICITY. 

The electrical force manifests itself in sevend difFerent 
forms, Magnetic, Frictional, GalTamc, Thermal and Animal 
Electricity. These are intimately connected ; their laws are 
strikingly related ; they prodnce many effects in common ; 
and one can give rise to another. 

t MAQHBTIC ELBOTBIcnr, 

1. Magnets.* — ^A natural magnet Ib an ore of iron 
(Fe,04, Chemistry, p. 154), generally known as the load- 
stone (Saxon, Isedan, to lead). The artificial magnet is a 
magnetized steel bar ; if straight, it 
is called a imr magnet ; if TJ-sbaped "" " 
& horseshoe magnet. A piece of 
soft iron, the armature, is placed 
on the end. 

If we insert a magnet in iron- 
filings, they will cling chiefiy to il 
ends termed the poles. The 
magnetic force will be 
exerted even through 
an intervening body. 
Idy a sheet of paper 
ou a magnet and 
sprinkle iron-filii 
npon it. Gently 
the paper and tl 
will collect in ci 
OSS lines, the m 
neiic curves, radi 
ing from the polra. 
If a small bar magnet be suspended so as to swing freely in 

• Tbe term la derired (Tom Uie tiet tbM kh oi 
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a horuontal plane, one pole will point toward the north and 
the other toward the 
»fc» Bonth. The north 

the magnet 
.the positive 
id the Bonth 
fie negative 
A magnet 
lised oonsti- 
a magnetic 
needle. If 
we hold a 
magnet 
near a 
magnetic needle, we shall find that the sooth pole of one 
attracts the north pole, and repels the south pole ol the 
other.* This 
proves the law — 
" Like poles re- 
pel, ajid unlike 
poles attraci." 

3. Indnotion is 
the power a magnet 
possesses to develop 
magnetism in iron. 
If a piece of soft 
iron be brought 
near a magnet, it 

• Bxperlmenla. 1. Rob the point of a Bewing^eedle urosa the north pole of > 
DUgneL Bring the point near the aonth pole oT the mimetic needle. The needle 
will be repeQod, Btiowlns that the point of the sevtng-needle bu became ■ lontli pole. 
S. Snspend n key from the north pole ot & magnet. Bring the sonlh pole of ui eqnal 
magnet cloea lo Iha npper end of (he kej. The key will bulBnClj (Ul. B. Suspend a 
long Iron-wire Ihim the north pole of a magnet. Bring the north pole of the second 
magnet near the lower end of (he wire. The wire le repelled, becanee Itn lower 
eitremit; pogeeeees north polsril;. 4. Immerse the nnllks poles of two magneta In 
Iron-flUngs, Bring the two poles near each other. The filings win move toward OM 
another. But if the polea of the magnets are like, the SUnga will lUl off tha 
magnets. 0. Toaacertaln whether a metallic substance contains Iron: Bringthe 
■nbalaace near one of the extremities of a magnetic needle. If the poaltlon of llM 
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immediately assumes the magnetic state, but loses it on 
being remoyed. In steel tbe change is permanent. The 
end of the bar next to the south pole of the magnet becomes 
the north pole of the new magnet, and vice versa. When 

opposite states are thus 
deyeloped m the oppo- 
site ends of a body, it 
is said to be polarized. 
Wheneyer an object is 
attracted by a magnet, 
it is supposed first to 
be made a magnet (polarized) by induction, and then 
the attraction consists in that of unlike poles for 
each other. Thus we may suspend from a magnet a 
chain of rings held together by magnetic attraction.* 
Each link is a magnet with its north and south poles. Each 
particle of the tuft of filings in Fig. 188 is a distinct mag- 
net. By inducing magnetism, a magnet does not lose force. 
It rather gains by the reflex influence of the new magnet. 
An armature acts in this manner to strengthen a magnet. 
If we break a magnet, the smallest fragment will haye a 
north and a south pole. This is explained by supposing 
that eyery molecule contains two kinds of electric force 
which neutralize each other. When magnetized they are 
separated, but do not leaye the molecule which is thus 
polarized, the halyes assuming opposite magnetic states, as 
shown in Fig. 192. The 

light half of each little cir- .«««r.r«^««««ci«««c« 

cle represents the positiye, ^ liKKI{i888888888888888« ^ 
and the dark the negatiye 

side. All the molecules exert their negatiye force in one 
direction, and their positiye in the other. The forces thus 
neutralize each other at the centre, but manifest themseWes 
at the ends of the magnet. 

needle be affected, then the Bnbetance almost certainly contains iron. A piece of 
copper will not afkct the magnetic needle. 

* Bepeat this experiment with keys, or nalb of dlUPsifpnt Bi^es^ or bi^ of wU? Of 
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3, How to make a Uagnet — ^Place die indnoing 
magnet, aa ahown in Fig. 193, on the tmmagnetized one 
(which any blacksmith can make from a 
bar of steel), and draw it from one end 
~ 3 other several times, always carry- 
L throQgh the air to the start- 



Ato the other 
iag it back t 
ing-iwint.* 
4.TheC. 
used by mai 



B Compass is a magnetic needle 
J mariners, anrveyorB, etc. It is 
delicately poised over a card on which the 
" points of the compass " are marked. At most places the 



needle does not point directly N. and S. The "line of no 
variation" in the United States passes near Wihnington, 

* A nesdle mi^ be nuHiietlEed \ij Jajbig H acrou the polss of a borea-pho« 
msEnet, After remalTitiig ■ lims the end la contact with the norOi pole of the 
magael will become s Ninth pole snd the other b north pole. If It be BDSpended 
tttno the midale by a Ihreiid It will point north and eonth. A knlfti-btade niaj be 
magneUied by nibbing It Bereial timee, In 1^ tanta jliectlfiii, Knv> QOB Ot IIm 
pole* of ttie maewt 
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N. 0., Charlottesrille, Va., and Httabnrg, Va. Eaat of this, 
the variation {declination) is toward the weet, aod west it is 
toward the east,* 



5. Polarity of the Needle. — ^Why tss Kbbdle points 
NoETH AND South. — The eari^h is a great magnet. This 
glTes direction to the needle. Variations which are con- 
stantly taking place in 
the teneetrial magnetism 
prodnoe corresponding 
changes in the needle. 
Suppose a magnet NS 
passing through the cen- 
tre of a small globe. 
The needle sn will hang 
parallel to it (Fig. 195), 
its north pole being at- 
tracted by the south pole 
of the magnet, and vice 

versa. If the globe be reTolv^d (Fig. 196), the north pole of 
the needle will turn — dip, as it is termed — 
downward. If the globe be revolyed in 
the other direction, the south pole of the 
needle wiU dip in the same manner, f 

A Dipporo-ITEEDU! is poised as shown 
in Fig. 197. At the magnetic equator it 
huigs horizontally,, bnt dedines when 
carried north, until, at a point called 





* The dacUniUoD and dip hare dill; Mid jearly vsrltClone, u well M tbo» wblch 
latnlre ceDtnrleii to complete, llie needle U, howerer, *> tme to the pole," iltlioiigh 
II ahlRa ttuia vnrj boar In the di;. It doa no ODI7 In obedience (o ths Um which 
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noticed In the compuf, At the magnetic eqnilor 11 la 

!r taken noTth or iionih. An nnciiignellEed oeedle. It 

Ing migoMied, uttlae down, bb If the north end were 

.king the north end of the needle lighter, an' 



horlEOiitil. 

IheheiTle 

■liKi bj nupendlng a little wel^ upon the Booth end. Tbe leverap 1b trqe In tbr 

■oothern bewlepbcrs- 
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the North magneido pole, near Hudson's Bay, it becomes 
yerticaL* 

6« Ma^ietisxn of the Eaxth. — ^All iron bars standing 
vertically (in this latitude not far from the line of the dip) 
possess slight magnetic properties. Iron fences^ lightning- 
rods, iron standards of chairs and desks, pokers, tongs, 
crow-bars, etc., on being tested by the magnetic needle, will 
be found to possess north poUuity in the end next the 
ground, and south polarity in the otiier. 
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This is electricity dereloped by friction. Ex. : One's hair 
often crackles under a gutta-percha comb. A cat's back, 
when rubbed in a dark room, emits sparks, f 

1. The Electroscope is an instrument for detecting 
the presence of electricity. Bend a glass tube, and suspend 
from it by silk threads a couple of elder-pith balls, as 
shown in Fig. 199 ; or put an egg in a wine-glass, and 
balance on the egg a dry lath. Two strips of gold-leaf, 

jijg igg^ * The dipping needle may easily be 

iOnstrated. Thrust a knitting-needle I7S, 
throQgh a cork, C, and at right angles 
insert a fine sewing-needle, AB, to serve 
as an axis. Place the instrument npon 
the edges of glasses, as shown in the 
figure. Push the knitting-needle one 
way or the other unto it will remain 
horizontal. Now magnetize the knit- 
ting-needle, NS, in the manner already 
described (p. 214). Again place the needle 
upon the glasses, giving it a north-and- 
sonth direction. The north pole of the 
knitting-needle will dip toward the north. 

t In cold, ftosty weather, a person, by shuffling about in his stocking-feet upon 
the carpet, can develop so much electricity in his body that he can ignite a Jet of gas 
by simply applying his finger to it— Blasts in mines intended to be fired by elec- 
tricity have thus been prematurely discharged by the workmen touching the wires. 
To prevent this disastrous eflTect, at the Sntro Tunnel, Nevada City, the workmen 
who are handling exploders wet their boots, stand on an iron plate to copdv^ off 1^ 
^ectridt^ of the bod^, an4 we^ rubber ^lov^^. 
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hung in a glass jar (Fig. 200), 
form a test so sensitive, that a 
slight flap of a silk handkerchief 
against the cover will cause the 
leaves to diverge. 

2. Two Kinds of Elec- 
tricity. —If a warm, dry glass 
tube (a lamp-chimney will an- 
swer) be rubbed with a silk 
handkerchief, a crackling sound 
will be heard. If the tube be held near the face, we shall 
experience a sensation like that of a cobweb. The tube will 
attract bits of paper, straw, feathers, etc.* Present it to 

* The following^ simple experiments are in tmctiye : 1. A rubber comb passed a 
flBw times thron^h the hair will fhrnish enough electricity to tarn the lath entirely 
aronnd, and empty egg sheila, paper hoops, etc., will follow the comb over the table 
in the liveliest way. 2. Take a thin sheet of gutta-percha, abont a foot square ; lay 
it upon the table, and rub it briskly a few times with an old fhr cuff ; the gutta-percha 
will become powerftilly electrified. 8. Lift the gutta-percha by one comer, and some 
force will be required to separate it f^om the table. 4. Hold the electrified gutta* 
percha in the left hand ; bring the fingers of the right near the paper ; it will be 
attracted to the hand, and sparks will pass to the fingers with a snapping sonnd. 
6. Hold some feathers, suspended by a silk thread, near the excited gutta-percha and 
the feathers will be attracted. 6. Hold the excited paper, or the excited sheet of 
gutta-percha, over the head of a person with dry hair ; the hair will be attracted by 
the gutta-percha, and each particular hair will stand on end. 7. Hold the excited 
gutta-percha near the wall ; the gutta-percha will fly to it, and remain some minutes 
without fiilllng. 8. Place a sheet of gutta-percha on a tea-tray ; rub the gutta-percha 
briskly with a tar cuff; place the tea-tray with the excited sheet of gutta-percha on a 
dry tumbler ; lift off the gutta-percha f^om the tea-tray : bring the knuckle of your 
hand near the tray, and yon will receive a spark. Replace tlie gutta-percha on the 
tray and apply your knuckle, and you will receive another spark. This may be 
repeated a dozen times. 9. Take a sheet of foolscap paper and a board abont the 
same size. Heat both till they are thoroughly dry. While hot, lay the paper on the 
board ahd rub the former briskly with a piece of rubber. The paper and board will 
cling together. Tear the paper loose and try experiments 4, 5, 6 and 7. Return the 
paper and rub as before. Cut the paper so as to form a tassel. Then lift, and the 
strips of the tassel will repel one another. 10. Take a piece of common brown paper, 
about the size of an octavo book, hold it before the fire till quite dry and hot, then 
draw it briskly under the arm several times, so as to rub it on both sides at once by 
the coat. The paper will be found so powerfhUy electrical, that if placed against a 
wainscoted or papered wall of a room, it will remain there for some minutes without 
fklling. 11. While the paper still clings to the wall hold against it a light, fleecy 
feather and it will be attracted to the paper, in the same way the paper is to the waB. 
13, If the paper be warmed, drawn under the arm as before, and then hung up by a 
thread attached to one corner, it will sustain several feathers on each side ; should 
these flail off trom different sides at the same time, they will cling together ve^ 

10 
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tlie pith-balla in the electroBcope. They will be attracted 
for an instant, and will then fly from the tube and from 
each other, apparently in disgust. Electrify a stick of seal- 
ing-wax and present it to the halls. They will act in the 
Bame manner. If we tench 
^^- ""• one ball with the excit«d glass, 

and the other with the ex- 
cited wax, they will not, as 
before, fly from each other, but 
will msh together. PreBent 
- the glass to a ball ; it will fly 
^ off when electrified. Present 
i the glass again, and it will be 
repelled. Substitute the wax, 
and it will be attracted. 
Offer now the glass, and it 
will eagerly bound toward 
what it just before spumed. 

itroiiRly; and IT ifter a minute thsj are ill «luikGD aS, Ihej wID fly to one uiother Id 

* alngoUr manner. 18. Warm and eiclte the paper as before, and then la; on It ■ 
ball of elder-pith, about tbe elie oT a pea ; the ball will Immedlalelj ron acrosa the 
paper, and if a needle be poiated lowud It, It vlU again nm to anoUier part, and eo 
OD tot a conBiderablfl time. 14. Support a pane of glass, itell dried and vanned, 
npOD two booke, one at each end. and place eotne bran ondernealh ; then rub tha 
upper elde of the glass with a Bilk handkerchief, or a piece o' flannel, and thebian 
will dance Dp and down like the imagee In F\g SOT. IS. Place a uiinman tea-tra; on 
a drj, clean tumbler. Then take a sheet ol tooiscap writing-paper (a* In No. 9) and 
dry It carefully mitUallltehyKrametricmolstDrelB expelled. Holding one end of the 
sheet on a table with the flnger and thumb, mb tbe paper with a large piece of IndU' 
rubber a doaea times vlgoronsly from left to right, bediming at the top. Now (ike 
np the iheet by two of the cDmers and bring it over Ibe tny, and It will fall like a 
atone. ThlB, as irell as the apparatus In No. B, forme a simple Skctrvp/ufrui, fli 
to perA^rm many experiments ordinarily perfbrmed with that inatmment. If the 
tip of a fingor be held close to the bottom of the tray, a sensible shock will be felt. 
Neit ta7 a needle on the tny with Its point projecting onlward, remove the paper, 
and. In the dark, a Btar sign of the oegntive electricity will be seen ; return the 
paper, and the positive brush will appear. Lay a diy, hot board, as in No. (I, on 
top of four tumblers. If a boy stand on the board he will be inenlated, and on his 
holding the tray yertlcally, the paper win not (UL Sparks may then be drawn 
from bis body, and his hair will be electrified as deacribed on p. 28a IB. Warm a 
lamp-chimney, mb II with a hot flaoDel, and Iben bring a downy feather near 11. On 
(he Orat moment ot contact, the feather wll! adhere to the glass, t>ut soon afler will 
fly rapidly away, and yon may drire It about the room by holding the glasa between 
it and the Burronuding oblecta ; should it. howerer, come in contact with anything 
not imder the inflnancc of electricUj, It win Instantly Sy back to the glass. 
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If the glass be held on one side of a ball and the wax on the 
other, it will fly between the two, carrying the electricity 
back and forth. From this we conclude that (1), there are 
two kinds of frictional as of magnetic electricity ; and (2), 
like electricities repel each other, and unlike attract. The 
electricity from the glass is termed vitreous or positive [+], 
and that from the wax, resinous or negative [— ].* 

3. Theory of Electricity. — Of the nature of electricity 
we know little. The positive and negative forces, or fluids, 
as they are often styled, exist in every body in a state of 
equilibrium. When this is disturbed by friction, chemical 
action, etc., both are set free. We cannot develop one 
without the other. The opposite kinds manifest themselves 
at opposite parts of the surface, as in a magnet ; it is there- 
fore a polar force. The slightest cause disturbs the electric 
equilibrium, " In cutting a slice of meat, there may pass 
between the steel knife and the silver fork enough elec- 
tricity to move the needle of a telegraph." Yet the delicate 
balance of the opposing forces is so soon readjusted that we 
are unconscious of the change. 

4. Conductors and Insulators. — ^A body which allows 
the electric force to pass through it freely is termed a conr 
ductor ; one which does not, is called a non-conductor, or 
insulator. Copper is one of the best conductors, and hence 
it is used in all electrical experiments. Glass is one of the 
best insulators. A body is said to be insulated when it is 
supported by some non-conducting substance, usually glass. 
Electricity can be collected only by insulation. In damp 
air electricity is quickly dissipated. This, according to the 
recent experiments of Wm. Thomson, is due to the deposit, 
on the glass insulators, of a thin film of moisture, which 

* In the following list, each subBtance becomes positiyely electrified wben rabbed 
with the body following it ; bat negatively, with the one preceding it. (Oanot.) 

1. Cat*8 fhr. 6. Cotton. 0. Shellac. 18. Caoatchonc. 

2. FlanneL 6. Silk. 10. Resin. 14. Ontta-percha. 
8. Ivory. 7. The hand. 11. The metals. 15. Gun-cotton. 
4. Glaaa. S. Wood. 12. Sulphur. 
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coodnots away the electricity. Contrary to the common 
statement, there is no difereitee between dry and damp air 
at an insulator.* 

5. The Electrical Machine consistB (1) of a glass 
teheel turned by a crank ; (2) of a pair of rubbers covered 
with leather and spread with an amalgam (a mixture of tin, 
zinc, and mercury) which hastens the development of elec- 
tricity ; (3) of a comb or fork with fine pointe, since pointed 



bodies always favor the reception or dispersion of electricity ; 
(4) of a prime condvetor — a brass cylinder insulated by a 
glass standard so that the electricity cannot pass to the 
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ground, and ronnded at the ends so that it may not escape 
too rapidly into the atmosphere. 

At the commencement^ the whole apparatus is in a state 
of equilibrinm. By friction, positiye electricity is devel- 
oped on the glass, and negatiye on the rubber. The neg- 
ative escapes along the chain to the ground — ^the common 
reservoir. The positive, kept on the glass by the silk flaps, 
is carried around to the points. Here it polarizes the prime 
conductor, i, e., repels its positive electricity to the far end 
and attracts its negative electricity to the points ; the two 
forces, clashing together, form tiny sparks and are neutral- 
ized.* The positive electricity naturally present in the prime 
conductor is thus left insulated, and the prime conductor 
is said to be charged with positive electricity. If the neg- 
ative conductor be insulated, the rubber will soon become 
charged with negative electricity, and the aDtion of the 
machine will nearly cease. 

HoLTz's Electrical Macheo: is shown in Fig, 202. AB 
are two plate-glass wheels, the former fixed and the latter 
made to revolve by turning the handle. In A are two 
openings or windows. Near these are glued two pieces of 
varnished paper or armatures, ff\ each of which has a 
point projecting through the window. Opposite the arma- 
tures, and on the other side of the revolving wheel, are 
two rows of brass points, PP'. Connected with these are 
insulated conductors terminating in the movable knobs mn, 
the jioles of the machine. 

In starting, the poles are placed in contact, and one of the 
armatures is electrified by holding against it a piece of 
excited rubber or attaching- it by a wire to the conductor 
of an ordinary electrical machine. On then separating the 
poles, a brilliant discharge of electricity occurs. The usual 

* If the nibber be freshly ppread with amalgam, and the glBBB well robbed with 
warm flannel, a sharp crackling noise will be heard, flashes will follow the wheel, 
while sparks can be obtained from the prime conductor at a distance of several 
inches. The pith-ball electroscope, when charged and repeUed by the prime con- 
doctor, wiU be qoickly attracted by the lubber^ thus indicating their oppoeite eleo- 
UidUet. 
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explanation is aa follows : " The two armatureB are elec- 
trified, one positively and the other negatively. The pos- 
itive armature (say/') is opposite to that conductor which 
gives off positive electricity from its tnob m, and the pos- 
itive which escapes from the knob is replaced by positive 
which is drawn off by the points from the face of the 
revolving plate, an action which is favored by the inductive 



influence of the positively-charged armature, whether we 
regard it as repelling positive from the plate to the brass 
points, or aa attracting negative from the conductor through 
the brass points. The plate, having thus given off pos- 
itive or received negative electricity, is carried round through 
half a revolution, and gives off negative to the other con- 
ductor through its brass points, aided by the influence of 
the negatively-charged armature at the back." 
6. Induction.* — The influence of an electrified body 

* The eipurlmentstnFlK.aoa can be nlcelj performed by meana of an eBB placed 
Oaiwise on theiop ofa dry wlne-elaw and theda»» lube n-t-d an p. 317. Soienl test 
BDrl dauea will ehow the principle of Fi|;. Wi. 8«e Tjndall's LeaBoni on Bloc- 
lilcltr, p. 3R. 
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over otlier bodies near it is termed electrical induction. Thus, 

let an insulated conduc- 
Pio. 203. ^Qj. ^Q placed near the end 

A of the prime conductor 
of an electrical machine. 
On charging the prime 
conductor the motion of 
the pith-balls shows that 
the small conductor has 
also become charged, the 
end next the positive 
prime conductor being 
negative, and the other 
end positive. As oppo- 
site electricities ^re thus 
developed at the opposite 
extremities of the conductor, it is polarized. Place several 
conductors, as shown in Fig. 204, connecting the copper 

Fig. 901 





ball at the right with the positive pole, and the one at the 
left with the negative pole of the electrical machine. The 
conductors will be charged and polarized by induction. 

Faraday's theory of ikduotiok assumes (1) that the 
electricity acts between the different molecules of a body, 
as between the different conductors in the last experiment- 
that each molecule becomes polarized, and in turn polar- 
izes its neighbors, and that thus at last every molecule has 
opposite electricities on its opposite sides ; (2) that the 



J 
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molecales of non-oondiictorB become polarized and retain 
their electricities, while the molecules of conductors become 
polarized and discharge their electricities into the adjacent 
molecolea. The positive force thus accumulates at one end, 
and the negative at the other. Let P (Fig. 205) represent 
the end of the positive conductor and N that of 
the small conductor in Fig. 203 ; and let the ''* ^ 
small circles represent molecules of air lying be- fl^ 
tween the two — the lighter half indicating the ^^ 
positive and the darker half the negative side. 9 O 9' 
The molecules of air being non-conducting, on 99Q 
being polarized from the influence of P, the prime Q O 6 
conductor, retain their electricities, bnt polarize O O 9 
one another in succession nntil N is reached^ y'~N 
This being a eon- V^y 
FM. rnu^ ducting body, its mol- 

ecules impart their electricity 
from one to the other, until the 
negative electricity coliecta at 
one end and the positiye at the 
other. 

7. Attraction and Bepol- 
sion. — Every ca^e of attraction 
or repulsion is preceded by in- 
duction. Ex.: "The electric 
chime" consists of three bells, 
two of which, c and b, are hung by brass chains, while the 
middle one is insulated above by a silk cord, and connected 
below with the earth by a chain. The balls between them 
are also insulated. The outer bells becoming charged with 
positive electricity from the prime conductor, polarize the 
balls by induction through the intervening air. The balls 
being then attracted to the bells, are charged and imme- 
diately repelled. Swinging away, they strike against the 
middle bell, discharging their electricity, and are forthwith 
attracted again. Flying to and fro, they ring out a merry, 
electrical song. 
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The dancing image consistB of a pith-ball figure pla<!ed 
between two metallic plates, the 
npper one hanging from the prime 
condnetor, and the lower one con- 
nected with the earth. The dance 
is conducted by alternate attrac- 
tion and repulsion.* 

8. The Leyden Jaxf consists 
of a glass jar coated inside and 
ontside, nearly to the top, with 
tinfoil. It is fitted with a cover of 
baked wood, through which passes 
a wii-e with a knob at the top, and 

below, a chain extending to the inner coating. The jar is 

charged by bringing the knob near 

*^ ** the prime conductor of the elec- 

rtrical machine, while the outer 
coating communicates with the 
earth. Bright sparks will leap to 
the inner coating, while similar 
ones will pass oS from the outer 
coating. The jar is discharged by 
holding one knob of the "dis- 
charger " B, upon the onter coat- 
ing, and the other upon the knob 
of the jar. The equilibrium will 
be restored with a sharp snap and a brilliant flash. Minute 

* A dmr motion ebonMbs ^ven to Ihe electrbal wbeel, mdaplu thnut IdIo the 
heel o[ Ihe imkge wlU add much to tlie BUiop of the Oay Ibet. 

1 11 \r wld that Ciinene, a papll ai Lpjdeo, dltcorered the prlodple oT lbs l.e;d«i 
JbtId the tolloKliigciirloaB way: While eTperlmentlnE. he held a bottle of water to 
the prime condnetor of h1» dectriCBl-mocblne. Noticing nothing peculiar, be at- 
tsmpled to Inymliicatelt* condition. Holding the botllewllb one hand, he happened 
to touch the water with the other, when he received a bhock eo aneipected, and eo 
iDllkeanTihliighe had eterfeltbefore.ihal he was ailed wllhutonlehment. Itwaa 
two daj« before he recovered from hlK frigbi. A few daya allerward, in a letter to a 
IHend, the phjBlcliit InnocenllT remarked, that he would not take another ehodt lot 
the whole kingdom of Prance 



0€€ 
OC€ 
0€€ 
Oct)' 
Of)© 
OC© 



ii6 tLBctxtom. 

particles detached from the solid condnctors bnin, giving 
color and brilliancy to the spark.* 

Explanation, — The essentials of the jar are iwo conduct- 
ing surfaces separated by a non-conducting body. The tin- 
foil acts only as a conductor to convey the electricity, f The 
jar is charged on the same principle as the prime conductor 

of the electrical machine. The positive 
^^' **• prime conductor draws out the negative 

electricity of the inner coating, leaving 
it charged with positive. The molecules 
of glass are polarized (Tig. 209). A like 
. quantity of positive electricity then escapes 
from the outer coating. If the jar be in- 
sulated so that this is unable to leave, the 
passage of the sparks will cease. If a finger 
be held near the outer coating, a spark will 
leap to it every time one enters the jar. The jar, therefore, 
when charged, contains no more electricity than in its natural 
state. It is only differently distributed. 

9. Electricity is on the Sur&ce. — Each molecule 
within the surface of a solid, insulated conductor gives up 
its electricity with equal freedom in every direction ; there- 
fore it cannot become charged. Each molecule on the sur- 
face, however, receiving electricity from the particles behind 
it, and having non-conducting particles of air before it, 
must become charged. A bomb-shell can therefore hold as 
much electricity as a cannon-ball. 

10. Effect of Points. — ^A pointed wire held near the 
prime conductor will quietly draw off all its electricity, 

* The incredibly smail quantity of the metal yolatixed in this way is a striking 
proof of the divisibility of matter. Daring some experiments at the Philadelphia 
mint a gold pole lost in weight by a strong spark one millionth of a grain ; and 
tmhmi of a srain of nickel Honed Us tutme in the spectroscope brilliantly. See Popu- 
lar Science Monthly, May, 1877. 

t This is illustrated by the '' Leyden }ar with movable coatings,** which may be 
charged and then taken apart. Very little electricity can be obtained firom the glass, 
the tin coatings, or any two of the parts combined. When put together again, the 
Jar can be t^^scliaiged in t^e naual manner* 



which will be seen apparently clinging to the point like a 
glowing star. If we fasten a pointed wire to the prime con- 
ductor, it will silently discharge the electricity in a " brush " 
of flame. If we hold one cheek near the point, we shall 
feel a current of air setting away from it. This is strong 
enough to deflect the flame of a candle. The particles of 
air near the point becoming polarized, are attracted, give 
up their negative electricity, and, being charged with posi- 
tive electricity, are repelled ; new ones take their place, and 
thus a current is established.* 

11. liightning is only the discharge of a Leyden jar on 
the grand scale upon which Nature performs her operations. 
Two clouds charged with opposite electricities, and sepa- 
rated by the non-conducting air, approach each other, f When 
the tension becomes sufficient to overcome the resistance, 
the two forces rush together with a blinding flash and ter- 
rific peal. The lightning moves along the line of the least 
resistance, and so describes a zigzag course. If we can trace 
the entire length, we call it chain-lightning ; if we see only 
the flash through intervening clouds, it is sheet-lightning ; 
and if the reflection of distant discharges, we term it heat- 
lightning. The report is caused by the clashing of displaced 
air. The rolling of the thunder is produced by the reflec- 
tion of the sound from distant clouds. Sometimes the 
clouds and the earth become charged with opposite elec- 
tricities, separated by the non-conducting air. The spark 
from the discharge of this huge Leyden jar is a bolt that 
often causes fearful destruction. 



* The deetrie whiri^ mounted on the prime conductor (t\f^. 901), fflnstrmtes this 
action. Ab each molecole of air \% repelled from a point, it reacts with equal force 
against the point. This id eufflcient to eet the light wire-wheel in rapid rotation. 

t The air Ib almost constantly electrlfled by the friction of moying doads, winds, 
etc., by heat and chemical changes— all of which diatnrb the eqailibrinm. In clear 
weather It is In a positive state, but in font weather it changes rapidly from positive 
to negative, and vio$ vena. I>r. Livingstone tells us that in South Africa the hot 
"wind which blows over the desert is so highly electrified, that a bunch of ostrich 
feathers held for a few seconds against it becomes as strongly chaiged as if attached 
lo an electrical-machine, and will clasp the hand with a sharp crackling sound. 
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The AcBOBA BoBEALis* ("Northern lights") is prob- 
ably cauijed by the passage of electricity through the rare- 
lied tttmo^phere of the upper regions. The intimate relation 
between the aurora and magnetism is ahown from the fact 



that the magnetic needle ia diatnrbed when the aurora Ib 
visible, and seems to tremble as the streamers dart to and 
fro. The telegraph is frequently worked by the current of 
electricity which passes along the wire on these occasions. 

LiOHTNiN"Q-E0D8 were invented by Franklin, t They are 

based on the principle that electricity always seeks the best 

* It maj be bmitinillT Imitated, on > gmiill gode, by puBlng a snoceMion at 
«parlu Itom tbe prime conductor tluoagh tlie nrefled air conubied In a long glan 
tube, aliDwn In Fig. 90. 

t FrankUn'a plan wae oppoeed bj msny pMloeopbon of (he day, who dsclaied It 
war Kt Implone ID ward off Heaven'i llghtplng, " bi for a child to ward off tbe char. 
tenlng rod of Iti thihar." There was moch dLecaaalon ae to wbalher tbe conductor* 
■boold be polnled or not Wlleon pereaaded QeorKe m. that tbe polnti were a 
republican derice to ln]nra Hi» M^enly, at tSey wonld corUlnly " lOTlto " tbe llgbt- 
nlng, and bo the polnta on the Jlghtnlikg-rodB upon Bnddngbam Falace were Eibangod 
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conductor. The rod should be pointed at the top with some 
metal which will not easily corrode. If constructed in 
separate parts, they should be securely jointed. The lower 
end should extend into water, or else deep into the damp 
ground, beyond a possibility of any drought rendering the 
earth about it a non-conductor, and be packed about with 
ashes or charcoal. If the rod is of iron, it needs to be 
much larger than one of copper, which is a better conductor. 
Every elevated portion of the building should be protected 
by a separate rod. Chimneys need especial care, because of 
the ascending column of vapor and smoke. Water con- 
ductors, tin roofs, etc., should be connected with the damp 
ground or the lightning-rod, that they may aid in convey- 
ing off the electricity.* 

13, Velocity of Electricity. — ^The duration of the 
flash has been estimated at one-millionth of a second. 
Some idea of its instantaneousness can be formed from the 
fact that the spokes of a wheel, revolved so rapidly as to 
become invisible by daylight, can be distinctly seen by the 
spark from a Leyden jar. The trees swept by the tempest, 
or a train of cars in rapid motion, when seen by a flash of 
lightning, seem motionless ; while a cannon-ball, in swift 
flight, appears poised in mid-air. f 

13. Effects of Frictional Electricity.— (1.) Phys- 



* The valne of a lightning-rod consists, most of all, in Its power of qnietly 
restoring the equilibrium between the earth and the clouds. By erecting lightning- 
rods, we thus lessen the liabilities of a sudden diftcharge. Providence has guarded 
largely against this catastrophe. " God has made a harmless conductor in every leaf, 
spire of grass, and twig. A common blade of grass, pointed by Natnre^s exquisite 
workmanship, is three times more effectual than the finest cambric needle, and a 
single pointed twig than the metallic point of the best-constructed rod." Every 
drop of rain, and every snowflake, falls charged with the electric force, and thus 
quietly disarms the clouds of their terror. The balls of electric light, called by 
sailors " St. Elmo'' 8 fire,'''' which sometimes cling to the masts and shrouds of vessels, 
and the flames seen to play about the points of bayonets, indicate the quiet escape of 
the electric force firom the earth toward the clouds. 

t Recent investigations indicate that electricity has no fixed velocity, but that its 
rate depends on its intensity and the medium throuerh which it passed. Prof Rood, 
of Columbia College, has produced sparks whose duration was forty-one tilllonths 
of a second. 
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ICAL. — DischargeB from a large battery of Leydeu jare will 
melt metal rods, perforate glass, split wood, magnetize steel 
bars, etc. — Let o person stand upon an insulated stool and 
become charged from the prime conductor. His hair, 
through repulsion, will stand erect in a ludicrous manner. 
On presenting his hand to a little ether contained in a warm 
spoon, a spark leaping from his extended finger will ignite 
it. If he hold in his hand an icicle, the spark will readily 
dart from it to the hqaid.* — A card held between the knob 
of a Leyden jar and that of the discharger, will be punc- 
tured by the spark. — A piece of eteel may be magnetized by 
the discharge from a I^yden jar. Wind a covered copper 



wire around a steel bar, aa in Fig, 311, or enclose a needle 
in a small glass tube, around which the wire may be wound. 
Fia. su. ^^ passing the spark through the wire, 

— the needle will attract iron-filings. — When 

j strips of tinfoil are pasted on glass, and 

figures of various curious patterns cut 
from them, the electric spark leaping from 
one to the other presents a beautiful ap- 
pearance. — If a battery be discharged 
through a wire too small to conduct the 
spark, the electricity will be changed to 
heat, and if sufficiently small, the wire 
will be fused into globules or dissipated in smoke-t 

(3.) Chemical Effects. — The "electric gun" is filled 
with a mixture of oxygen and hydrogen gases. A spark 

* Thlfl BTperlment con be more HnreTy performfld by Dslng dl-mlphldfl of CArbOD. 
The Inenlalinft stool msybo merely a bosrt l«lil on (onr drylUnt^lsss botOe* oi 
gpbleU, Mil the electricity be developed by mbblDfc 1 glass lube, u on p. SIT, 

t The fact that the electric force 1b tliiiB coDTCrted Into TibntloaB of hnt ud 
Ught. woDld nana to Indicate tHat, tike U>em, It Ib only a mode of moUiiD. 
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causes them to combine irith s load exploBion and form 
water. — The salphnrons smell which accompanies the work* 
ing of an electrical machine, and is noticed in places etnick 
by lightning, is owing to the production of ozone, a peculiar 
form of the oxygen of the air. (See Chemistry, p. 38.) 

(3.) Phtsioloqicai. Eppeois. — A slight charge from a 
Leyden jar produces a contraction of the mnscles and a 
spasmodic sensation in the wrist. A stronger one becomes 
painful and even dangerous. 

8. GALVANIO Oa VOLTAIC BLKCTEICTTr.* 

1. Simple Galvanic Circuit, f — If we place a strip of 
zinc in water acidulated with sulphnric 
acid (oil of vitriol), a chemical action 
will at once commence. Bubbles of 
hydrogen gas gather on the metal, 
while the zinc rapidly dissolves.] 
Now put a strip of copper in the 
liquid. While the two metala rem^n 
separate no change takes place, but as 
soon as they touch, or are connected 
by wires, as in the figure, chemical 
action begins, and the bubbles of hy- 
drogen gather upon the copper instead of, as before, upon 
the zinc. The copper is unchanged, but the zinc wastes 
away. As soon as the wires axe separated the action ceases, 
and when they are rubbed together in the dark, a minute 
spark is seen. 

* Tben DBine* tre given In honor of Uie two Italian philoeopherB who made lb« 
Bret diecovsrlet Id UUb bonch of electridq. (See p. 3BL) 

t We cui eMtly fbrm a ilmple galvanic circuit bj placing a allTer coin betveen 
onr teeth and npper lip. and a piece of eIdc uDder onr ton^ne. On prewtlng the edges 
or Ibe two metBls tORetber, ■ pecoUai taate will be perceived, while a flaeh or light 
will pau before the cloaad eyea. 

t If we ImmeiM the doe In raenaij, the rarfhce win become a> briefat as a mli^ 
Tor. Beplooe tba atrip In the cup. and the add will bave bo eSecl npon It a9 lon^ ae 
the current doea aot paas. Tbe reaaon of tbie action la not well gnderatood. Zlm 
naed In galranic balteriei li tliua inulKinutted. 
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Two metal pistes oombined in this manner form a gal' 
vanic pair. The ends of the wires are termed poles or ekc- 
trodes. The copper pole jb positive and the zinc negative.* 
Joining the wires is termed doaing the dreitit, and separating 
them, breaking the circuit. 

2. Why the Hydrogen comes from the Copper. 
— For simplicity of illustration, we suppose a row ot 

water molecules f extending from the zinc 
*^''- "*■ to the copper plate. The negative oxygen 

of the molecule of water nearest the pos- 
itive zinc is attracted to that plate, while 
the positive liydrogen is repelled. The 
atom thus driven off seeks refuge with the 
oxygen of the next molecule, and dis- 
possesses its hydrogen. This atom in tnm 
robs the third molecule of its oxygen, and 
so on until the last molecule is reached, 
when the atom of hydrogen, attracted by the negative cop- 
per, gives up to it its positive electricity, and then flies off 
into the air. Each atom of escaping hydrogen imparting 
its electrical force, adds to the current of electricity. 

3. GalTOUio Current. — The word "icurrent" should 
not be understood to indicate the paeB^;e of a fluid, like the 
flow of water in a stream, but a mere transmission of the 
electrical force. Thus, if a long pipe were perfectly filled 
with water, a drop added at one end would thrust out a 
corresponding one at the other, which would not, however, 

* Thest) namei maj easily be renieiiib«r«d If we eesoclite the p's with copper 
and posiilve, and [hen's wttb zinc anil negatlTe. Kehonid be DOtlced that the terms 
are reversei] when applied to Ihe plates and the poles The iIdc pole Is negalWe, 
but the due plele Is positive ; (he copper pole Is poeltlre. bat Ihe copper plate l« 
hefjaf Ive. We thas see that the plates when placed In the Uqnid become potailced. 
as is represented In FV. SIS. 

t In Fl^, al4 a molecnle of water Is represented, for conrenlence, as consisting 
of ool; one atom of hjdrai^n and one of oiy^en, Ineiead of two of bTdrocen and 
one of OTji^n.— Idle InTestiKatore hold that the hydrated snlpbnrlc acid (H,SO,), 
rather than the water alone, is decomposed, tae hydrauEn going to the copper and 
the snlphnrlc add combiulne with the eIdc (See replacement theoij. ChemMrv, 
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be the identical one dropped in, since the force alone would 
traverse the length of the pipe. In the galvanic pair the 
current of positive electricity sets out from the positive 
zinc through the liquid to the negative copper^ thence 
through the wire around again to ibe zinc. If the circuit 
be broken, the current will manifest itself at the copper 
pole.* When the current pa^es through a conducting sub- 
stance, as a wire, rod, etc., the force is transmitted, not on 
the surface, but through the entire thickness of the body. 
Each molecule, becoming polarized and charged, discharges 
its force into the next molecule, and so on. The current 
thus moves by a rapid succession of polarizations and dis- 
charges of the molecules^ of the conductor.f 

4. Electrical Potential is a property of a body by 
which electricity tends to go from it to another, and is 
measured by the resistance met in the passage. This 
term is to electricity what temperature is to heat. When 
plates of zinc and copper are brought in direct contact, 
or are connected by means of the liquid, they assume dif- 
ferent electrical potentials as already seen (Fig. 213). On 
joining the wires, the electricity passes from the body at 
the higher potential to the one at the lower. This con- 
stitutes the current, which is made a steady flow by the 
constant chemical decomposition taking place. The greater 
the difference between the chemical action upon the two 
metals the stronger the current. The metal most corroded 
is termed the positive or generating plate, and the one least 
corroded the negative or collecting plate. 

5. A battery consists of several galvanic pairs, combined 
so as to increase the strength and steadiness of the electric 
current 

* There is also a negatire cnrrent paaslng In the oppoeite dlrecdon ; but, to ayoid 
confhaion, whenever the term current is used, the positWe is intended. 

t With what inoonceivable rapidity mnst these saccessiye changes take place in 
an iron wire to transmit the electric force, as in recent experiments, from Valentia, 
Ireland, across the bed of the Atlantic and the continent to San Francisco and return, 
a distance of 14,000 miles, in two minutes I In ihct, it distanced the san, and leaving 
Va^Qtia at 7:21 A-x., Feb. 1. it reached San Francisco at 11:80 p.v., Jan. 81. 
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Smze's Baitbbt. — ^Each eeU ocHuiBta of two plates of 
_^ _^ zinc and oae of eilver Boapended between 

them. They are cUmped together with 
screws and hung in a glass jai filled with 
dilate solphnric acid. Since babbles of 
hydrogen gas tend to collect on the smooth 
surface of tite silTor and interrupt the 
action, it is roughened with finely-divided 
platinnm. 

Qsov^s Battbbt is a "two-flnid bat- 
tery." The outer or glass jar j^ ^^ 
contains dilute enlphnric acid^ 
in which is placed a hollow 
zinc cylinder with a slit at the aide to allow 
a free circulation of the liquid. The inner 
cup is of porous earthenware, uid filled with 
strong nitric acid (aqua fortis), in which is 
suspended a thin strip of platinum.* 

Bunsbn's Battbet differs from Grove's in substituting 
a carbon rod for the platinum strip in the inuer cap. This, 
being an excellent conductor, answers the same purpose and 
is cheaper. 

Daniell's Constaht Battbet has an outer copper cup 

* Tbe chemical ciunge la lu follows : The water Id the oater cnp 1b decompoBcd, 
the <ajgea aaiOag with Uis eIdi; and tbe ra^buic idd wllb both, to make SDlpbate 
or line. The bj'diogeu, twweyer. doei not escape, ae In Smee'a battery, bai paese* 
Into the loner cap ana tean apert the uilrlc acid, forming water and nitric oilds. 
(See Ohaniitrv, p. M.) The latter Ic at flrat aburbed hj tbe liquid, bnt soon begliu 
(o escape In corroelve, btood-ied nunee. According lo the new namenclatiire in 
Chemlttry, the Bnlpbnrtc acid, B.SO., la decompored, the hydrogen paaiiog Into the 
laaer cap and [be aubjdroDs add combining wllh the zinc. It the Einc le properly 
nmntgamaled, no action bikes piece while the polee aire eepersted, and the battery 
remaini qnlesceQt, like a sleeping giant, bnt the Instant the wires are connected tbe 
liquid will heslD to boil with tbe evolnUon of the gae, while the electric force wID 
leap to the polea. The adTantages of thla battery are : (I.) The hydrogen does not 
collect on Ihe negaliia (platinnm) plate, since it is abeorbed by the nlblc acid, 
(t.) The Uqnld formed In the Inner cnp is an ezcellcDt condaclor of electricity. 
<S.) Plattnnm te a more perfect negallve metal than copper, since It Is not acted npOD 
by the acid, and thae does not tend to start a couDter-carreat ; ttierebre piatlnom 
and slDC make a better voltaic pair than copper and ilDC. (1.) The addition^ 
decompoeltloD of the ulliic acid aela tree a great qnantlty of electrldf • 
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holding a solution of bine vitriol^ and an inner porous cup 
containing a zinc rod and dilute sulphuric acid. The suU 
phate of copper battery consists of a large zinc cylinder 
suspended in a copper jar containing a solution of copper 
sulphate (blue vitriol). 

6. Quantity and Intensity. — ^A battery may develop a 
great quantity of electricity having a low degree of intensity, 
or a small quantity having a high intensity. Thus a cup of 
boiling water is intensely hot, while a hogshead of luke- 
warm water contains a great quantity of heat. The in- 
tensity of the electric force depends on the number of cells ; 
the quantity, on their size. An intensity battery is formed 
by joioing the zinc plate of one cell to the copper of the 
neict ; a quantity battery, by joining the zinc and the copper 
plates together. 

7. Comparison of Frictional with Oalvanio Elec- 
tricity. — Frictional electricity is noisy, sudden, and con- 
vulsive ; galvanic is silent, constant, and powerful.* The 
one is a quick, violent blow ; the other a steady, uniform 
pressure. Intensity is the characteristic of the former, 
quantity of the latter. The lightning will leap through 
miles of intervening atmosphere, while the galvanic current 
will follow a conductor around the globe, rather than jump 
across the gulf of a half -inch of air. The most powerful 
frictional machine would be insufficient for telegraphing; 
while despatches have been sent across the ocean with a tiny 
battery composed of " a gun-cap and a strip of zinc, excited 
by a drop of water the bulk of a tear.*' 



* To decompoee a grain of water would require over 6,000,000 dischargee from a 
Leyden jar— eooagh electricity to charge a thonder-clond 85 acres in area ; yet a few 
galvanic cupe would tear apart that amount of water in perfect ease and silence. 
^* Faraday immersed a voltaic pair, composed of a wire of platinum and one of zinc, 
in a solution of 4 ozs. of water and one drop of oil of vitriol. In three seconds this 
produced as great a deviation of the galvanometer needle (Fig. 920) as was obtained 
by SO turns of the powerful 4)late-glas8 machine. If this had been concentrated in 
one millionth of a second, the duration of an electric spark, it would have been sufB- 
cient to kill a cat ; jet it would req^liire 800,000 8^ch dischai^s to decompose a graip 
Qt watwv" 
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Fig. 217. 




8. Effects of Gkilvanic Electricity. — (1.) Physical. 
If a current of electricity is passed through a wire too 
email to conduct it readily, it is conyerted into heat. The 
poorer the conducting power of the wire, and hence the 
greater the resistance, the more marked the effect. With 
10 or 12 Grove's cups several inches of fine steel wire may 
be fused; and with a powerful battery, several yards of 
platinum wire made glowing hot.* 

In closing or breaking the circuit we produce a spark, 
the size of which depends on the intensity of the current. 
With several cells, beautifully variegated sparks are ob- 
tained by fastening one 
pole to a file and rub- 
bing the other upon it. 
When charcoal or gas- 
carbon electrodes are 
used with a powerfu] 
battery, on slightly sepa- 
rating the points, the 
intervening space is 
spanned by an arch of 
the most dazzling light 
(Pig. 217). The flame, 
reaching out from the 
positive pole like a 
tongue, vibrates around 
the negative pole, lick- 
ing now on this side and 
now on that. The heat is intense. Platinum melts in it 
like wax in the flame of a candle, f the metals bum with 
their characteristic colors ; and lime, quartz, etc., are fused. 

■ ■ ■ j^ . .1 ■ ^ -I ^ — — — — - 

* TorpedooB and blasts are fired on this principle. Two copper wires leading 
from the battery to the spot are separated in the powder by a short piece of small 
steel-wire. When the circuit is completed, the fine wire becomes red-hot and 
explodes the char^. 

t To show the varying conducting power of the different metals, fhsten together 
alternate lengths of silver and platinum wire and pass the current through them. 
The latter will glow while the former conveying the electricity more perfectlpr ^v\]] 
ficarcely manifest its presence^ 
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The effect is not produced by bomiiig the charcoal points, 
since in a Tacaum or even under water it is equally brillisnt. 

(2.) Chehioal Efpbcts. — Electrolysis (to loosen by elec- 
tricity) is the process of the decomposition of compound 
bodies by the voltaic current. If platinum electrodes be 
held a little distance apart in a cnp of vater, tiny babbles 



will immediately begin to rise to the surface. When the gases 
are collected, they are found to be oxygen and hydrogen, in 
the proportion of two parts of the latter to one of the 
former.* In the electrolysis of compounds, their elements 
are found to be in diSFereat electrical conditionB. Hydrogen 
aud most of the metals go to the negative pole, and (since 
unlike electricities attract) are electro-positive. Oxygen, 
chlorine, sulphur, etc., go to the positive pole, and are 
therefore electro-negafive. 

Elevtrotyping is the process of depositing metals from 
their solution by electricity. It is used in copying medals, 
wQodcutfi, types, etc. An impression of the object is taken 

• If the copper poles bs Inesrted, bnbbleB wiH pais off from Ibe Degadve, bat 
none fniiii the poiiltive pole, Blnce the oijgeD comblnea with the copper wire. 
That gas hie no affect on platlaam. The bnniliiE of id alom of zinc Ip Che 
batter; develops enough electricitj to eet free an alom of oxygen at the ponltlTe 
pole. This Inoicatei a very intimate relatton belweea chemical affinity and elec- 
tricilv— perhaps even their identity. It la interesting to notice that In the battery 
there li ainc bnmlnc. i. t., comb lulng with oij^cen.bal without light or beat ; Id [be 
electric light the real torrx of the combnstlon la rayealed. We ma; (boa tianalte the 
Ight and heat to a great dlntaoce Itoai the On. 



S88 KUgolBIOITT. 

with gutta-percha or wax. The sarface to be copied is 
brushed with,black4ead to render it a coDdactor. The 
mottld is then suspended in a solution of copper sulphate, 
from the negative pole of the battery, and a plate of copper 
is hung opposite on the positive pole. The electric current 



decomposes the copper sulphate ; the metal goes to the 
negative pole and is deposited upon the mould, while the 
acid, passing to the positive pole, dissolves the copper, and 
preserves the strength of the solution.* 

EUetro-plating is the process of coating with silver or gold 
by electricity. The metal is readily deposited on German 
silver, braaa, copper, or nickel silver (a mixture of copper, 
zinc, and nickel). The objects to be plated are thoroughly 
cleansed, and then hung from the negative pole in a solution 

• Wbtls Ills plHle Ib LBDglni; In tbe BOlntlon tbere ts do nol«e heard Or bubbling 
•een. The moat aplicate neme IWIa W deled any moTemBtit, Yet the m js lerioni 
flectric force Is conllnnHlly dnmin^ particles of radd)/, Kllil cnpper ont of tbe bhu 
Hijutd, *Dd. noliieleral; as the tkll of mowflakee, dropping them on the mnald ; 
prodnclnf a meu] purer than any ehemlBt can mannOwtnre, apreadlng it with a 
■mlformlt]! DO utiM (an attain, *Dd c^jIdk ever; Hue vllfa b fldallty tbat ksowf do 
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of silver, while a plate of silver is suspended on the positive 
pole. Li five minutes a " blush ** of the metal will be de- 
posited, which conceals the baser metal and is susceptible 
of polish.* 

(3.) Physiological Effects. — With a single cell no 
effect is experienced when the two poles are held in the 
hands. With a large battery a sudden twinge is felt, and 
the shock becomes painful and even dangerous, especially if 
the palms are moistened with water to increase the con- 
duction. Babbits which had been suffocated for half an 
hour, have been restored to life by an application of the 
galvanic current. 

4 ELBCTBO-MAONBTOSM. 

1. Effect of a G-alvanic Current on a Magnetic 
Needle. — If a current of electricity be passed over a mag- 
netic needle, the needle will tend to place itself at right 
angles to the wire. If the wire is brought over and beneath 
the needle, it doubles the effect, and the play of the needle 

* Place in a large test-tobe a eflyer coin with a little aqna-fbrtis. If the ftiines of 
the decomposed add do not soon rise, warm the liquid. When the silver is dissolved 
fin the tube neaily ftaU of soft water. Next drop muriatic acid into the liquid until 
the white precipitate (silver chloride) ceases to fkll. When the chloride has settled, 
pour off the colored water which floats on top. Fill the tube again with soft water ; 
shake it thoroughly ; let it settle, and then pour off as before. Continue this process 
until the Uqnid loses all color. Finally, fill with water and heat moderately, adding 
potassium cymide (the pupO will remember that this substance is exceedingly 
poisonous) In small bits as it dissolves, untU the chloride is nearly taken up. The 
liquid is tlien ready for electro-plating. Thoroughly cleanse a braes key, hang it 
fi*om the negative pole of a small battery and suspend a silver coin Arom the positive 
pole. Place these in the silver solution, very near and fkcing each other. Wbsn 
well whitened by the deposit of silver remove the key and polish it with chalk. In 
the arts the polishing is performed by rubbing with *^ burnishers.** These are made 
of polished steel, and fit the snrftces of the various articles upon which they are to 
be used. It is said that an ounee of silver can be spread over two acres of surfiice. 
A weH-plated spoon receives about as much silver as there is in a ten-cent piece, 
v^e only method of deciding accurately the amount deposited is by weighing the 
article before and after It Is plated.— A vessel may be " gold-lined ** by filling it 
with a sohition of gold, suspending in it a slip of gold fh>m the positive pole of the 
battery, and then attaching the negative pole to the vessel." The current passing 
through the Kquid causes it to bubble like soda-water, and in a Ibw moments do* 
podts a thin fltan of goU ant the entire sniflice. 
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becomes a delicate test of the preaenoe and direction of tlid 
electric force. 



2, The G^ranometer is an instrnment for measariiig 
the force and direction of an electric current. B ia a coil 
of wire, wonnd with thread to in- pia. wi. 
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The silk cord, s, sapports an aslalic needle. This consists 
of two magnetic needles, one over the graduated circle and 
the other within the coil, with the north pole of the one 
opposite the south pole of the other, so as to neutralize the 
attraction of the earth,and permit the combined needle to obey 
thp will of the current alone. 

3. Eleotro-magnets. — 
The galvanic current produces 
magnetism. If a current be 
pasBed through the wire shown 
m Fig. 211, the steel bar will 
be rendered magnetic. This 
shows the identity of the elec- 
tricity from the galvanic bat- 
tery with that from the Leyden 
jar. If the wire be wound 
around a bar of soft iron, as in 
Fig. aaa, the iron will instantly 

become a magnet which will grasp the 
'^•"'' armature with great force, but will aa 

qaickly lose its properties when the cur- 
rent is broken. If the current be passed 
through a coil of insulated wire {helix) 
(Fig. 323), a rod of iron held below it 
will be drawn up forcibly, as if pulled by 
\^ a powerful spring.* Here we see that not 
only does tbe soft iron within become 
magnetic, but also the coil itself. 

4. Motion Produoed by Electricity. 
— ^If we reverse the direction of the cur- 
rent, we change the poles of the magnet. 
Advantage is taken of this to produce 
continuous motion. Fig. 324 represents 
Page's Rotaiing Machine. It consists of 
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an upright horse-flhoe magnet, between the poles of which 
ifl a Bmall electro-magaet. Abore this are two Bpringa, 
P^ ,^ which are bo placed that, bb the cen- 

tral rod reTolves with the electro- 
magnet, the oarrent paeses throngh 
these springs, alternately, to the wire 
coiled about the iron oi the electro- 
magnet. The poles of the electro- 
magnet are thns changed twice with 
each revolntion. The poles of the 
upright magnet attract the opposite 
polee of the electro-magnet, but as 
soon as thej face each other the cur- 
rent is TeTersed, and they at once 
repel each other ; the other poles are 
then attracted, but as thej come 
together are repelled as before. A rapid motion is thus 
secured. The revolutions mayrise as high as 2,500, making 
{>,000 reversals of the current in a minute. 

Electbo-uagnbtio Ekginbb are conBtmcted either on 
the principle that the magnet retains its power only while 
the current is passing, or that the poles are changed by 
reversing the current. They have been made of 8 or 10 
horse-power, but have never become of great practical value, 
because of the expense of the battery required to produce 
the electricity. The zinc which bums in the cell of the 
electric-engine is far more expensive than the coal which 
bums in the furnace of the steam-engine. 

The Elbctho-maqnbtio Telbqba,ph depends on the 
principle of closing and breaking the circuit at one station, 
and thereby making and unmaking an electro-magnet at the 
station to which the despatch is to be sent. A single wire 
is used to connect the two statione. The extremities of the 
wire extend into the ground, and the earth completes the 
circuit. Each station has a key and a register (or sounder); 
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tlie former ia used for sending messages, and the latter for 
receiving them. 

The key is shown in Kg. 325. E and F are screws which 
&aten the instrument to the table, and also hold the two 
ends of the wire. F is insulated by a mbber ring where it 
passes through the table B. H is a lever with a finger-bntton 
G-, a spring I, to keep it lifted, and a screw D, to regulate 
the distance it can move. At A is a break between two 
platinun points, which form the real ends of the wire. 



When G is depressed, the circuit is complete, and when 
lifted, it is broken. is a circuit-closer that is used when 
the key is not in operation ; the arm being pushed under A 
touches the platinum wire and so completes the circuit. 
The operator, by moving G, can "close" or "open" the 
circuit at pleasure. He thus sends a message. 

The register contains an electro-magnet, E (Fig. 226). 
When the circuit is complete, the current, flashing through 
the coils of wire at E, attracts the armature m. This ele- 
vates n, the other end of tne lever mn, and forces the sharp 
point X firmly against the soft paper a. As soon as the 



244 



KlectbicttT. 



circuit is broken, E ceases to be s magnet, and the spring 
B lifts the armature, drawing the point from the paper. 
Clock-work attached to the rollers at z moves the paper 
along uniformly beneath the point x. When the circuit is 



completed and broken again instantly, there is a sharp dot 
made on the paper. This is called e ; two dots, i ; three 
dots, s ; four dots, h. If the current is closed for a longer 
time, the mark becomes a dash, ( ; two dashes, m ; a dot and 
a dash, a. 
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A skilful operator becomes so used to the sound that the 
clicking of the armature is perfectly intelligible. He uses, 
therefore, simply a "sounder," i.e., a register without the 
paper and clock-work attachment. 
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Relat. — When the atationa are more than fifty miles 
apart, the current becomes too weak to work the register. 
The relay uses the force of a local batterj for this parpoge. 



D is the line-wire ; the ground-wire ; A ia connected with 
the positiye pole ; and B with the register or sounder and 
thence with the negative pole of the battery. The current 
passes in at D, traverses the fine wire of the electro-magnet, 
K, and thence passes out at to the ground. The arma- 
ture E, playing to and fro as the current from the distant 
station darts through or ia cnt off, moves the lever R Thia 
works on an axis at the lower end and ia drawn back by the 
spring H, which ia regulated hy the thumb-screw L As E 
ia attracted the circuit at G is closed ; the current from A 
leaps through a wire underneath, up P, and down L and 
baek through another wire underneath to B, and thence to 
the electro-magnet of the register, and attracts its armature. 
The operator who sends the message simply completes 
and breaks the circuit with the key ; the armature of the 
relay, at the station where the message is received, vibrates 
in unison with these movements ; the register or sminder 
repeats them with greater force ; and the second operator 
interprets their meaning. 

5. Magneto-eleotrloity is developed by means of 
Ifiagnetism. A machine for this pui^se is diown in Fig. 



246 SLaOTRIOETT, 

328. Coils of wire are insulated tmd wound around a snail 
bar of soft iron, B, bent at right angles. This acts as the 
armatnre of a powerful horse-shoe magnet, before the poles 
of which it revolTee. The soft iron beoomes magnetic, and 
then induces electrio currents in the coils. The poles are 



changed twice, and thus two opposite onrrenta are induced 
in each revolution. By means of a break-piece the circuit 
ie rapidly broken and closed. Severe shocks are thus pro- 
duced, when the poles are grasped by the hands.* 

6. Induced Currents. — Let two coils of wire be made 
to fit into each other, and carefully separated by insulators. 
If a current of electricity be passed through the inner coil, it 
*in induce a powerful secondary current, flowing in the 

• In Wlld'i nucblne, the tndnced current from the coils acta npon B l»rge elwtm- 
mn^et, w&lcli Is thereb; eiclt^ to a high degree. A machine driven by a steam- 
en^oe of UtJiorH power prodncee an electric light dazzling as the noonda; ann, 
IhrawlUK Ibe flame of the alreet-lampB Into ehade at a qaarter-mllB dlatance. Its 
heat !■ Rifflclent to tnte a l-lucb bar of Iron flrteeu Inches loog or 1 feet ot No. B 
Iron wire.—" A Yankee once threw the IndaEtrlal world of Enrope Into a wnnderfsl 
eidlement bj anDoancIng a new Iheoi? or perpelaal motion ba^ed on the magneta- 
eleotrlc machine. He propoied to deoompoae water by the current of electrlclly i 
then bnm the hydrogen and oxygen thuB obulned. In this way he would drive a 
■maU ateam^ni^lne. whlcb. In tnm, would keep tbc maeneto-electtic macUDe In 
motion. Thin wonld certainly be a splendid dlecovery. It wonld he a ateam^eng^ne 
which would iirepere Ita own Itael, and, In addition, dlapenae light and heitt to aS 
around." (Bolmholta,) 
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(Opposite direction, in the outer coil. This soon ceases ; ou 
breaking the circuit, however, it will start again, but in the 
same direction aa the 
primary cnrrent. '■'^'' '^" "*" 

apparatos show 
Fig. 229 cooBiatB < 
tially of the two 
coils just de- 
scribed. The 
primary cur- 
rent from a 
single cell ia 

rapidly interrupted by meane of a Bmall electro-magnet. 
When this is magnetized, it attracts the armature, and thus 
the circuit is broken ; the armature immediately Bpriugs 
back, and again completes the circuit. A bunch of iron wires 
may be inserted as a core in the inner coil. When the 
current passes, these become magnetized, and by induction 
strengthen the secondary current. Ruhmkorff'a coil Ib con- 
structed on the same principle. The largest coils often 
contain thirty to fifty miles of covered wire. They will 
throw a quick succession of sparks, 30 to 40 inches long, so 
as to charge and discharge a Leyden jar, with a crack like 
that of a pistol, as rapidly as one can count.* 

7. The Telephone t (sound afar), in the Bell instru- 
ment, consists of a magnet N, S, at one end of which is a 
coil of wire C, a thin iron plate B, and a mouth-piece A. 

■ Tbcr are ftlBO used to illnrtmle the ePfecu at the paauge of electrlclt<r Oimiigh 
the vBrioDi ga«ee and nrefled npon. Theae an pUc«d In realad glow tobee, kuowD 
as Ocdailer'B tabee, and wheo the cnirtot pasaes (her exhibit the rlcheat tlntB and 
bands of color. 

t & tdeptume In parta, read; to be pot together br the experinisnlm, li soU hj 
the appsrstDB dealera, A elmple bat eO^ctlve InBtrainent can be made, at ■ lUght 
eipflDW, br a pupil with ordinary mechanical ability. One proceH, with lihutiatlve 
•Innlngi, is girsn in the Fopnlar Sdeace Uonthlj, March, 1818, and uiolher In the 
Sclentiflc American, Yoi. SB, No. 5. In Vol. SS, Ho. 16, le alio deactibed a meUiod of 
conptmctinji: a microphone ; and In the Scientldc American Supplement, No, US, la 
an accDont of a aome-made phonograph. Theee nnmbera can be procured b; uif 
newnlMlar. In oainE the telephone, two inatnunenta axactly aUke are amplDTe& 
()p« la tx^ K> UiB month of the speaker, anjl the ai^pr t)> fh; nW p^4« JVilaMT 
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The ends of the coil are connected, the one with a line wire 

and the other with the earth or a return wire. At the 
second station 
"^ "^ is a ramilM- in- 

stnunent. The 
Tibrstioneofthe 
voice at A throw 
the plate into 
' Tibration. As 
B approaches K 
the magnet is 
strengthened 
and a current of 
electricity in- 
duced in the 
coil C and 

thence transmitted to the line wire. When B recedes from 

N the current is stopped. Thus 

the waves of air are translated tm.asi. 

into correaponding waves of elec- 
tricity.* At the other station 

the reverse process occurs. The 

pulses of electricity are there 

converted into waves of air 

which, falling upon the eax at 

A, produce the phenomena of 

sound. 

8. The Mlorophonef con- 
sists of a small battery for 
generating a weak current of 

electricity, a telephone for the 



• It shonld be natlced Chat Ii 
Boand Is conveyKd by mechnnlcal vibrstlonf mei 
ate traoHnltted by eieclrlcal pnlMtion*. 

t Tbe micrcipbone 1b to the lelepbone vhat 



teletcope dlsUot ODsa^ 



icopo 1ft to Ibe 1el«K»pe- 
telepboDe coDTSje Kiiiiidi 
mlcroicopc permit* ns tt> see ^iDiiU o^seu, and 0>t 
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receiving instmment, and a transmitting or speaking instra- 
ment. The last may be a Bmall rod of gas carbon * (Fig. 
231), with the ends set loosely in blocks of the same mate- 
rial ; the latter axe attached to an upright support glued 
into a wooden baseboard. This instrument is connected 
with the battery and the telephone. A sound made near 
the rod can be heard at the distant telephone, with wonder- 
ful distinctness. The patter of a fly's foot in walking across 
the baseboard, or the brush of a camel's-hair pencil, ie 
audible many miles away. 

H. THEEMAL ELECTRICIT7. 

As electricity can be changed into heat, heat am in turn 
be converted into electricity. 

A Thermo-eleotrio Pile consists of alternate bars of 
antimony and bismuth soldered together, as shown in 
Fig. 233. When mounted 

for use, the couples are *^°' *^' ^"- ^^^ 

insulated from each other 
and enclosed in a copper 
frame P. If both faces of 
the pile are equally heated, 
there is no current. The 
least variation of temper- 
ature, however, between 
the two is indicated by the 

flow of electricity. Wires from a, the positive pole, aud 5, 
the negative, connect the pile with the galvanometer (Fig. 
821). This constitutes a delicate test of the presence of 
heat. A fly walking over the face of the pile by its warmth 
will move the needle, f 



Uie battery of nirse being wonnd Broaal ti 
theendsorihe others BO IB. to complete the circDIt. 

t Strange, that minute qusnUtlee ot heat become Benalble oalj when Lhej' u 
conTerlfld lata electricity, tbeu Into tDHgnetlBm, and Iwtlj Into motion. 
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& AMMAL BLECTJUCrrX. 

Eleotrio Fish have the property of giving^ when 
touched, a shock like that from a Leyden jar. The torpedo 
and the electrical eel are most noted. The former is a 
natiye of the Mediterranean, and its shock was anciently 
prized as a cnre for various diseases. The latter is abundant 
in certain South American waters. A specimen of this fish, 
forty inches in length, was estimated by Faraday to emit a 
spark equal to the discharge of a battery of fifteen Leyden 
Jars. The Indians are said to drive herds of wild horses 
into the streams frequented by the fish. The horses are 
soon overpowered by the terrible shocks they receive, and 
80 fall an easy prey to their pursuers. 



SUMMARY. 

Electrldty is a form of energy which is excited by means of mag- 
netism, friction, chemical action, heat, and also by induction or the 
presence of other electrified bodies. It possesses a i>ecaliar duality or 
doubieness of property, as seen in the alternate attraction and repul- 
sion of magnetic poles. These two forms of the same force are called 
positive and negative. Magnetism is manifested only at the ends of 
a body, while electricity may reside equally over its entire surface. 
Magnetism is, however, identical with electricity, and they have a re- 
ciprocal relation. Magnets of soft iron may be made of any strength 
by means of the electrical currents. The earth itself is doubtless a 
great magnet, made so by electrical currents which circulate about it, 
being generated perhaps largely by the heat of the sun. This accounts 
for the polarity of the needle which is so useful in navigation. Elec- 
tricity may be developed in any quantity by means of friction, com- 
bined, as in Holtz's machine, with induction. It may be hoarded for 
use by the Leyden jar, the construction of which curiously illustrates 
the phenomena of lightning. 

Galvanic electricity is bom of metallic difference and chemical 
action. The essentials of an ordinary battery for its development are 
two substances, one of which is more strongly acted on by a chemical 
agent, while the other gathers the electricity set free. It diHers from 
frictional electricity in being characterized by quantity rather than 
intensity ; in flowing in a continuous current rather than a sudden 
discharge ; in traveling along a wire to any desired distance ,* in being 
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perfectly manageable, and in manifesting its properties at any point 
where the current is interrupted. It has a powerful chemical or inter- 
atomic action, breaking up the molecules of compound bodies as seen 
in the decomposition of water and the various processes of electro- 
typing, plating, etc The electric telegraph, the telephone, the micro- 
phone and the use of the electric light for illumination, are the latest 
applications of the electric force to the purposes of practical Ufa 
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Thales (6th cent B. C), one of the seven wise men, knew that 
when amber is rubbed with silk it will attract light bodies, as straw, 
leaves, etc. This property was considered so marvellous that amber 
was supposed to possess a soul. From the Greek name of the sub- 
stance (elektron) our word electricity is derived. This simple phe- 
nomenon constituted aU that was known until the 16th century, when 
Gilbert, physician to Queen Elizabeth, made some valuable experi- 
ments. The next century Guericke discovered induction. Then 
Newton turned his powerful mind upon the subject and is thought by 
some to have invented a glass-globe electrical machine. In the 18th 
century, Du Fay accounted for electrical phenomena by the theory of 
two fluids — ^the vitreous and the resinous. This view is yet held by 
many and its nomenclature has permeated the whole subject of elec- 
tricity so that we still speak of a "current," a *' flow of electricity," etc. 
About 1752, Franklin proved the identity of lightning and fri6- 
tional electricity by means of a kite made of a silk handkerchief and 
with a pointed wire at the top. He elevated this during a thunder- 
storm, tying at the end of the hemp string a key, and then insulating 
the whole by fastening it to a post with a long piece of silk lace. On 
presenting his knuckles to the key, he obtained a spark. So great 
was his joy, that he is said to have burst into tears. He afterwards 
charged a Leyden jar, and performed other electrical experiments in 
this way. These attempts were attended with very great danger. 
Prof. Richman, of St. Petersburg, drew in this manner from the clouds 
a ball of blue fire as large as a man's fist which struck him lifeless. 

In the year 1790 Galvani was engaged in some experiments on 
animal electricity. For this purpose he used frogs' legs as electro- 
scopes. He had hung several of these upon copper hooks from the 
iron railing of the balcony, in order to see what effect the atmospheric 
electricity might have upon them. He noticed, to his surprise, 
that when the wind blew them against the iron supports, the 
legs were convulsed as if in pain. After repeated experiments, 
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Galvani eoncladed that this effect was piodnoed by what 
he termed animal electricity, that this electridty is different 
from that caused by friction, and that he had discovered 
the agent by which the will controls the muscles. Volta 
rejected the idea of animal electricity, and held that the 
contact of disHimilar metals was the source of the elec- 
tricity, while the frog was " only a moist conductor, and 
for that purpose was not as good as a wet rag." He ap- 
plied this view to the construction of "Volta's pile," 
which is composed of plates of adnc and copper, between 
which are laid pieces of flannel moistened with an acid or a saline 
solution (Fig. 238). This theory is substantially the one held at the 
present time, though we now know that there must be chemical 
action to continue the supply. 

Electricity and magnetism were studied as distinct branches until 
1820, when Oersted of Copenhagen discovered the phenomenon shown 
in Fig. 220. This was published everywhere, and excited the deepest 
interest of scientific men. In the fruitful mind of Ampere the experi- 
ment bore abundant fruit. He discovered that two parallel wires con- 
veying electricity in the same direction attract each other, and when 
in opposite directions, repel each other. From this he generalized the 
ontire subject. Prof. Henry next exhibited the wonderful power of 
the electro-magnet, and invented the electro-magnetic engine. Scien- 
tific men in all parts of the world were now gathering the material 
necessary for the invention of the electric telegraph. It fell to Samuel 
F. B. Morse to raake this knowledge practical, and in 1837 he exhibited 
in New York a working instrument. An experimental line between 
Washin^n and Baltimore was completed in 1844, and, on May 27th 
of that year, was sent the first message ever forwarded by a recording 
telegraph. 

Consult Maxwell's " Electridty and Magnetism " ; Tyndall's " Lea- 
sons in Electricity " ; Faraday's " Lectures on the Physical Forces 
and " Researches in Electricity " ; Noad's '* Manual of Electricity 
Art. on the Microphone, in Scribner's Monthly, VoL XVI, p. 600 ; 
Prescott's "The Speaking Telephone, Talking Phonograph," etc.; 
Foster's "Electrical Measurements," in Science Lectures at South 
Kensington, Vol. I, p. 264 ; Thomson's " Papers on Electrostatics and 
Magnetism" ; Guillemin's " The Forces of Nature" and "The Appli- 
cations of Physical Forces " ; " American Cyclopaedia," Articles on 
Electricity, Magnetism, Electro-magnetism, etc. ; Smith's " Manual of 
Telegraphy"; Jones's "Historical Sketch of Electric Telegraph"; 
Watts's " Electro-metallurgy " ; " Barnes's Hundred Tears of American 
Independence," Sec. on Morse, p. 442 ; " Fourteen Weeks in Zoology," 
Sec. on Torpedo, p. 186. 






CONCLUSION. 

** Science \a a pealm and a prayer. "—Pabkib. 

Nowhere in nature do we find chance. Every event is 
governed by fixed laws. If we would accomplish any result 
or perform any experiment^ we must come into exact har- 
mony with the universal system. K we deviate from the 
line of law by a hair's breadth, we fail. These laws have 
been in operation since the creation, and all the discoveries 
of science prove them to extend to the most distant star in 
space. A child of to-day amuses itself with casting a stone 
into the brook and watching the widening curves; little 
antediluvian children may have done the same. A law of 
nature has no force of itself ; it is but the manner %n which 
force acta. 

We cannot create force. We can only take it as a gift 
from God, We find it everywhere in Nature; so that 
matter is not dumb, but full of inherent energy. A tiny 
drop of dew sparkling on a spire of grass is instinct with 
power : Gravity draws it to the earth ; Chemical AflBnity 
binds together the atoms of hydrogen and oxygen ; Cohesion 
holds the molecules of water, and gathers the drop into a 
globe ; Heat keeps it in the liquid form ; Adhesion causes 
it to cling to the leaf. K the water be decomposed. Elec- 
tricity will be set free ; and from this, Heat, light, Mag- 
netism, and Motion can be produced. Thus the commonest 
object becomes full of fascination to the scientific mind, 
since in it reside the mysterious forces of Nature. 

These various forces can be classified either as attractive 
or repellent. Under their influence the atoms or molecules 
resemble little magnets with positive and negative poles. 
They therefore apT)roach or recede from one another, and 
so tend to arrange themselves according to some definite 
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plan. '' The atoms march in time, moving to the music of 
law." A crystal is but a specimen of ^^ molecular archi- 
tecture" bnilt up by the forces with which matter is 
endowed. Forces continually ebb and flow^ but the sum of 
energy through the universe remains the same. In time all 
the possible changes may be rung, and the various forms of 
energy subside into one uniformly-diffused heat-quiver, but 
in that will exist the representation of all the forces which 
now animate creation, and, as we believe, matter and force 
will perish only together. 

The forces of Nature are strangely linked with our lives. 
Everywhere a Divine Hand is developing ideas tenderly and 
wondrously related to human needs. To the thoughtful 
mind all phenomena have a hidden meaning. 

" To matter or to force 

The all is not conflned ; 

Beaide the law of things 

Is set the law of mind ; 

One speaks in rock and star. 

And one within the brain, 

In nnison at times. 

And then apart again. ^ 

And both in one have brought as hither, 
That we may know oar whence and whither. 

^ The sequences of law 

We learn throngh mind alone ; 

We see bat oatward forms, 

The Boal the one thing known; 

If she speak truth at all. 

The Toices must be true 

That glTC these visible things, 

These laws, their honor due, 
But tell of One who brought as hither, 
And holds the keys of whence and whither. 

" He in His science plans 

What no known laws foretell ; 

The wandering flres and fixed 

Alike are miracle : 

The common death of all, 

The life renewed above, 

Are both within the scheme 

Of that all-circling love. 
The seeming chance that cast us hither 
Accomplishes His whence and whither." 



X. 



i 



QUESTIONS. 



The following questions are those which the author has used in his 
classes, both as a daily review and for examination. A standing 
question, which has followed every other question, has been : " Can 
you illustrate this ? " Without, therefore, a particular request, the pupil 
has been accustomed to give as many practical examples as he could, 
whenever he has made any statement or given any definition. The 
figures refer to the pages of the book. 

I. Introduction.— Define matter. A body. A substance. Name 
and define the two kinds of properties which belong to each substance. 
State the suppositions of the Atomic Theory. What is a molecule ? 
An atom ? 

14. Describe the two kinds of change to which matter may be sub- 
jected. What is the principal distinction between Philosophy (Physics) 
and Chemistry? Mention some phenomena which belong to each. 
Why are these branches intimately related ? 

15. Name the general properties of matter. Define magnitude. 
Size. Distinguish between size and mass.* (See notes, pp. 21, 53.) 
Why are feathers light and lead heavy? Why is it necessary to have a 
standard of measure ? What are the French and English standards ? 

* " In a rude age, before the invention of means for overcoming friction, the weight 
of bodies formed the chief obstacle to setting them in motion. It was only after 
some progress had been made in the art of throwii^ missiles, and in the use of wheel- 
carriages and floating vessels, that men's minds became practically impressed with 
the idea of mass as distinguished from weight. Accordingly, while almost all the 
metaphjTsicians who discussed the qualities of matter, assigned a prominent place to 
weight among the primary qualities, few or none of them perceived that the sole 
unalterable property of matter is its mass. At the revival of science this property 
was expressed by the phrase * The inertia of matter ; ' but while the men of science 
understood by this term the tendency of the body to persevere in its state of motion 
(or rest), and considered it a measurable quantity, those philosophers v<rho were 
unacquainted with science understood inertia in its literal sense as a quality— mere 
want of activity or laziness. I therefore recommend to the student that he should 
impress bis mind with the idea of mass by a few experiments, such as setting in 
motion a grindstone or a well-balanced wheel, and then endeavoring to stop it, 
twirling a long pole, etc., till he comes to associate a set of acts and sensations with 
the scientific doctrines of dynamics, and he will never afterward be in any danger 
of loose ideas on these subjects."— ATojrweiT'f Theory o/Heat^ p. 85. 
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Give the history of the English standard. (See pp. 23, 24.) Is the 
American yard an exact copy of the English ? Give an account of the 
French system. By what name is this system commonly known? Is 
either of these systems founded on a natural standard? Why is it 
desirable to have such a standard ? 

16-17. Define Impenetrability. Give some apparent exceptions, and 
explain them. Define Divisibility. Is there any limit to the divisi- 
bility of matter ? Define Porosity. Is the word porous used here in 
its common acceptation ? Compare the size of an atom or a molecule 
with that of a pore. What practical use is made in the arts of the 
property of porosity? Describe the experiment of the Florence 
academicians. 

18. Define Inertia. Does a ball, when thrown, stop itself? Why is 
it difficult to start a heavy wagon ? Why is it dangerous to jump from 
the cars when in motion? (Compare First Law of Motion, p. 28.) 
Define Indestructibility. Did the earth, at its creation, contain the 
same quantity of matter that it does now ? 

19. Name the specific properties of matter. Define Ductility. How 
is iron wire made^ Platinum wire? Gilt wire? Define Malle- 
ability. 

20. Describe the manufacture of gold-leaf. Is copper malleable ? 
Define Tenacity. Name and define the three kinds of Elasticity. 
Illustrate the elasticity of compression as -seen in solids. In liquids. 
In gases. What is said about the relative compressibility of liquids 
and gases ? 

21. Illustrate the elasticity of expansion as seen in solids, liquids, 
and gases. Define Elasticity of Torsion. What is a Torsion balance ? 
Define Hardness. Does this property depend on density? Define 
Density. Define Brittleness. Is a hard body necessarily brittle? 
Name a brittle and a hard body. 

II. Motion and Force. — Define motion, absolute and relative. 
Rest. Velocity. Force. What are the resistances to motion? Tell 
what you can about friction. Why does oil diminish friction ? (See 
p. 39.) What uses has friction ? What law governs the resistance of 
air or water ? Define Momentum. 

28-30. Show that motion is not imparted instantaneously. State the 
three laws of motion and the proof of each. If a ball be fired into the 
air when a horizontal wind is blowing, will it rise as high as if the air 
were still ? Describe the experiments with the collision balls. Give 
practical illustrations of action and reaction. If a bird could live, 
could it fly in a vacuum ? Define compound motion. 

31. Define the so-called " parallelogram of forces." The resultant. 
How can the resultant of two or more forces be found ? Name some 
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practical illustrations of compound motion. What is the " resolution 
of forces?" 

32. Show how one vessel can sail south and another north, driven 
by the same westerly wind. Explain how a kite is raised. Explain 
the '* split-shot" in croquet. 

33. Explain the towing of a canal-boat. Describe how motion in a 
curve, and circular motion are produced. Explain the centripetal and 
centrifugal forces. 

34. Show when the centrifugal force becomes strong enough to over- 
come the force of Cohesion. Of Adhesion. Of Gravity. Apply the 
principle of circular motion to the revolution of the earth about the 
sun. What effect does the revolution of the earth on its axis have 
upon all bodies on the surface ? 

35. What would be the effect if the rotation were to cease ? Describe 
the action of the centrifugal force on a hoop rapidly revolved on its 
axis. What is the Gyroscope ? Define reflected motion. 

36. Give its law. What is Energy, in the Physical sense of the word ? 
To what is it proportional ? Name and define the two forms of energy. 
How may one form be changed into the other ? 

37. What is the law of the Conservation of Energy? What did 
Faraday say with regard to this law (p. 40) ? 

III. Attraction. I. Molecular Forces. — Define a molecular force. 
What two opposing forces act between the molecules of matter ? How 
is this shown? What is the repellent force? Name the attractive 
forces. Which of these belong to Physics ? 

1. Cohesion. — Define. What are the three states of matter? Define. 
How can a body be changed from one state to another ? 

44. Show that cohesion acts only at insensible distances. Explain 
the process of welding. Why cannot all metals be welded ? Why do 
drops of dew, etc., take a globular form ? Why do not all bodies have 
this form ? Illustrate the tendency of matter to a crystalline struc- 
ture. 

45. Has each substance its own form ? Why is not cast-iron crystal- 
line ? Why do cannon become brittle after long use ? 

46. Describe the process of tempering and annealing. Explain the 
Rupert's Drop. How is glassware annealed ? 

2. Adhesion. — Define. What is the theory of filtering through 
charcoal ? Of what use is soap in making bubbles ? Define Capillary 
Attraction. Why will water rise in a glass tube, while mercury will be 
depressed ? Is a tube necessaiy to show capillaiy attraction ? What 
i» the law of the rise in tubes ? 

48. Give practical illustrations of capillary action. Why will not 
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old cloth shrink as well as new, when washed ? What Is the cause of 
solution ? Why is the process hastened by pulverizing? 

49. Tell what you can about gases dissolving in water. Why does 
the gas escape from soda-water as soon as drawn? Why do pressure 
and cold favor the solution of a gas? Describe the diffusion of liquids. 
Of gases. 

50-z. Describe the osmose of liquids. Of gases. Why do rose- 
balloons lose their bu03rancy? What is the difference between the 
osmose and the diffusion of gases? 

II. Gravitation. — How does Gravitation differ from Cohesion and 
Adhesion ? What is the law of gravitation ? Why does a stone fall to 
the ground? Will a plumb-line near a mountain hang perpendic- 
ularly ? Why do the bubbles in a cup of tea gather on the side ? How 
is the earth kept in its place ? Define Gravitation. Gravity. Weight. 

53. State the three laws of weight What is a vertical or plumb- 
line? 

54-5. State the four laws of falling bodies. Describe the " guinea- 
and-feather experiment." What does it prove?* Give the equations 
of falling bodies. 

56. How can the time of a falling bod> be used for determining the 
depth of a well ? How does gravity act upon a body thrown upward ? 
What velocity must be given to a ball to elevate it to any point ? How 
high will it rise in a given time ? When it falls, with what force will it 
strike the ground ? Define the Centre of Gravity. The line of direc- 
tion. The three states of equilibrium. 

57-8. How may the centre of gravity be found ? Give the genen:! 
principles of the centre of gravity. Describe the leaning tower of 
Pisa. State some physiological applications of the centre of gravity. 
Why do fat people always walk so erect ? 

59-60. Define the Pendulum. Arc. Amplitude. What are isochro- 
nous vibrations. State the three laws of the pendulum. Who dis- 
covered the first law ? (See p. 65.) What is the centre of oscillation? f 
How is it found ? What is the centre of percussion ? 



* ** It is difficult for many pupils to understand how, under the influence of gravity 
alone, all bodies fall with equal rapidity. An illustration, which is usually effective, 
is that of a number of bodies of the same kind, say bricks, which will separately fall 
in the same space of time. The pupil will admit that, if all of them are connected 
together, inasmuch as nothing is thereby added to their weight, there is no reason 
why the mass of bricks should not fall in the time of a single one, notwithstanding 
it is a larger body."— W^»f. H. Taylor, 

t ** Take a flat board of any form and drive a piece of wire through it near its 
edge, and allow it to hang in a vertical plane, holding the ends of the wire by the 
finger and thumb. Take a small bullet, £Eisten it to the end of a thread, and allow the 
Uuead to pass over the wiro wo that the bullet hangs close to the board. Move the 
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61-2. Describe the pendulum of a dock. How is a clock regulated ? 
Does it gain or lose time in winter ? Describe the gridiron pendulum. 
The mercurial pendulum. Name the various uses of the pendulum. 
Describe Foucault's experiment. 

IV. The Elements of Machines. — Name and define the elements 
of machinery. Do the " powers," so called, produce energy? What is 
the law of mechanics ? Illustrate the law. What is a lever ? Describe 
the three classes of levers. The law of equilibrium. 

71. What is the advantage peculiar to each class? Describe the 
steelyard as a lever. What effect does it have to reverse the steelyard? 
Describe the arm as a lever. (See Physiology^ p. 48.) Would a lever 
of the first class answer the purpose of the arm ? Describe the com- 
pound lever. 

72-3. The hay scale. The wheel and axle. Its law of equilibrium. 
Describe a system of wheel-work. At which arm of the lever is the P. 
applied ? 

74. Describe the various uses of the inclined plane. Its law of 
equilibrium. What velocity does a body acquire in rolling down an 
inclined plane? Give illustrations. 

75-6. Describe the screw. Its uses. Its law of equilibrium. How 
may its power be increased ? What limit is there ? Describe the 
wedge. Its uses. Its law of equilibrium. How does it differ from 
that of the other powers? Describe the pulley. The use of fixed 
pulleys. Is there any gain of P. in a fixed pulley ? 

77-8. What is the use of a movable pulley. Describe a movable 
pulley as a lever. Give the general law of equilibrium in a combination 
of pulleys. What part of the force is lost by friction? What are 
cumulative contrivances ? Is perpetual motion possible ? 

V. Pressure of Liquids and Gases, i. Hydrostatics. — Define. 
What liquid is taken as the tjrpe? What is the first law of liquids? 
Explain. Illustrate the transmission of pressure by water. Show how 



hand by which you hold the wire horizontally in the plane of the board, and observe 
whether the board moves forward or backward with respect to the bullet If it 
moves forward, lengthen the string, if backward, shorten it till the bullet and the 
board move together. Now mark the point of the board opposite the centre of the 
bullet, and fifisten the string to the wire. You will find that, if you hold the wire by 
the ends and move it in any mimner, however sudden and irregular, in the plane of 
the board, the bullet will never quit the marked spot on the board. Hence this spot 
is called the centre of oscillation, because, when the board is oscillating about the 
wire when fixed, it oscillates as if it consisted of a single particle placed at the spot 
It is also called the centre of percussion, because, if the board is at rest and the wire 
is suddenly moved horizontally, the board will at first beg^n to rotate about the spot 
as a centre. "-"7. CUrk Maxwell^ on Matter and Motion^ p. Z04. 
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water fa naed u a mechanical power. Describe the hydrostatic press 
Give its law of equilibrium. 

86-90. What are the uses of this press? What pressure is sustained 
by the lower part of a vessel of water, when acted on by gravity alone? 
How does this pressure act ? State the four laws which depend on this 
principle, and illustrate them. What is the weight of a cubic foot of 
sea water? Freshwater? What is the pressure at two feet? Give 
illustrations of the pressure at great depths. Describe the hydrostatic 
bellows. Its law of equilibrium. What is the hydrostatic paradox ? 
Give illustrations. Give the principle of fountains. How high will 
the water rise? How do modem engineers carry water across a river? 
Did the ancients understand this principle ? Give the theory of the 
Artesian well, and of ordinaiy wells and springs. 

91-2. Give the rule for finding the pressure on the bottom of a ves- 
sel. On the side. Define the water-level. Is the surface of water 
horizontal ? If it were, what part of an approaching ship would we 
see first? Describe the spirit-level. Define specific gravity. What is 
the standard for solids and liquids ? For gases ? Explain the buoyant 
force of liquids. 

93. What is Archimedes's law? (p. 119.) Describe the "cylinder- 
and-bucket experiment." What does it prove? Give the method of 
finding the specific gravity of a solid. 

94-6. A liquid. Is it necessary to use a specific gravity flask hold- 
ing just 1000 ozs. or would any size answer? Suppose the solid is 
lighter than water and will not sink, what can you do ? Explain the 
hydrometer. How can you find the weight of a giveu bulk of any 
substance ? The bulk of any given weight ? The exact volume of a 
body ? Illustrate the action of dense liquids on floating bodies. Why 
will an iron ship float on water ? Where is the centre of gra^ty in a 
floating body? How do fish sink at pleasure ? 

2. Hydraulics. — Define. To what is the velocity of a jet equal? 
How is the velocity found ? Give the rule for finding the quantity of 
water which can be discharged from a jet in a given time. What is the 
effect of lubes? Tell something of the flow of water in rivers. 

99-102. Name and describe the different kinds of water-wheels. 
Which is the most valuable form ? What is the principle of the Tur- 
bine ? Describe Barker's Mill. How are waves produced ? Explain 
the real motion of the water. How does the motion of the whole wave 
differ from that of each particle ? How is the character of waves modi- 
fied near the shore ? What is the extreme height of " mountain waves ?" 
Define like phases. Unlike phases. A wave-length. What is the 
effect if two waves with like phases coincide? With unlike phases? 
What is this termed ? 
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3. Pneumatics. — Define. What principles are common to liquids 
and gases ? What gas is taken as the type ? Describe the air-pump. 
Can a perfect vacuum be obtained in this way? (See p. 118.) What is 
the condenser ? Its use? Prove that the air has weight. 

105. Show its elasticity and compressibility. Describe the bottle- 
imps. What principles do they illustrate? Show the expansibility 
of the air. 

106-7. Describe the experiments with the hand-glass. The principle 
of Hero's fountain. The Magdeburg hemispheres. What do they 
prove ? Show the upward pressure of the air. 

108. The buoyant force of the air. Would a pound of feathers and 
a pound of lead balance, if placed in a vacuum ? On what principle 
does a balloon rise ? What is the amount* of the pressure of the air ? 
Describe the experiment illustrating this. Where do these figures 
apply? 

109-110. Describe how the pressure of the air constantly varies. 
Explain Mariotte's (called also Boyle's) law. Describe the barometer. 
Its uses. Are the terms " fair," " foul," etc., often placed on the scale, 
to be relied upon ? Why is mercury used for filling the barometer ? 
Describe Otto Guericke's barometer. 

111-113. Describe the action of the lifting-pump. The force-pump. 
The fire-engine. Compare the action of the lifting-pump with that of 
the air-pump. What is the siphon. Explain its theory. 

1 14-16. Describe the pneumatic inkstand. The hydraulic ram. The 
atomizer. Show how a current of air drags with it the still atmos- 
phere. What opposing forces act on the air ? How high does the air 
extend ? How does its density vaiy ? 

VI. Acoustics. — Define. Name and define the two senses of this 
word. May not the terms " light," " heat," etc., be used in the same 
way? Illustrate the formation of sound by vibrations. 

124-5. Show how the sound of a tuning-fork is conveyed through 
the air. The report of a gun. The sound of a bell. The human 
voice. Define a sound-wave. In which direction do the molecules 
of air vibrate? In what form do the waves spread? Can a sound 
be made in a vacuum? Can a sound come to the earth from the 
stars? 

126. How do sounds change as we pass above or below the sea- 
level ? Upon what does the velocity of sound depend ? Why is this ? 
At what rate does sound travel in the air? In water? In the metals? 
In iron (p. 145) ? What e£fect does temperature have on the velocity 
of sound? 

127. Do all sounds travel at the same rate? How does the velocity 
of sound enable us to determine distance ? Upon what does the in- 
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tensity of Bonnd depend? At what rate does it diminish? Why? 
State wherein the laws of sound are similar to those of other phe- 
nomena. What does this uniformity prove? 

128. Explain the speaking-tube. The ear-trumpet. Describe Biot*s 
experiment in the water-pipes of Paris. The speaking-trumpet What 
is the refraction of sound ? 

129-30. Define reflection of sound. What is the law? Give some 
curious instances of reflection (p. 145). What is the shape of a whis- 
pering-gallery ? Illustrate the decrease of sound by repeated retiection. 
Why are sounds more distinct at night than by day? Is it desirable to 
have a door or a window behind a speaker ? What causes the " ring- 
ing ** of a sea-shell ? How are echoes produced ? When is the echo 
repeated ? Illustrate the decrease of sound by reflection. What are 
acoustic clouds ? * 



* **The influence of wind on the intensity of sound seems due to the fiul that, 
owing to obstructions opposed by the ground, there is a considerable difference 
between the velocity of the wind close to the ground and the velocity at the height 
of a few feet above the ground. Thus in a meadow the velocity of the wind at one 
foot above the sui&ce may be only half what it is at eight feet above the surface. 
Let us take the velocity of sound at z zoo feet per second, and suppose that the veloc- 
ity of a contrary wind is zo feet per second at the surface, and so feet per second at 
the height of 8 feet above the sorfyuce. Thus, considering this drcumstance alone, the 
wave of sound at the end of a second would be at the sur&ce xo feet in advance of its 
position at 8 feet above the suiface ; so that the firont of the wave instead of being a 
vertical plane would be inclined to the horizon. Thus the sound instead of proceed- 
ing horizontally becomes turned upward. It only remains to add that this tilting of 
the firont of the wave is not delayed until the end of a second, but begins at the orig^ 
of the sound and mcreases gradually. Hence a ray of sound, so to speak, instead of 
travelling horizontally is curved upwards, and thus passes over the head of a person 
stationed at a distance fi'om the origin. A contrary wind then diminishes the inten- 
sity of sound by lifting the sound off the ground, and the amount of this lifting 
increases as the distance from the origin increases. The various consequences which 
may be deduced from the preceding theory have been verified by experiments. Thus 
it follows that a listener when the wind is contrary may expect to recover a sound, 
which he has lost at a certain distance from its origin, by ascending to some height 
above the surface. Also the influence of a wind will be but small if the sur&ce be 
very smooth ; thus sounds are heard against the wind much fiirther over calm water 
than over land. Again, suppose the origin of the sound to be elevated above the 
surface: then if the listener be also raised above the sur&ce he may hear a very 
loud sound made up of two parts, namely, that which has travelled horizontally, and 
that which has been tilted upwards from the ground by the action of the contrary 
wind. Next, suppose the wind to ht/avartibU instead of contrary. In this case the 
higher part of the wave of sound moves more rapidly than the lower, and so the 
plane front of the wave is tilted forward^ and the rays of sound are bent downward 
to the advantage of the listener on the ground. Thus the influence of the wind on 
sound has been shown to depend on the circumstance that when the wind is blowing, 
the velocity of soimd is different at different heights above the ground : shnHar effects 
will therefore follow if this difference of velocity is produced by any other cause 
instead of by the wind. Now change of temperature affects the velocity of sound : 
if the temperature rise one d^ree of Fahrenheit's thermometer the velocity increases 
by about a foot per second. In general, as we ascend in the air dmring tiie day the 
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131-3. What is the difference between noise and music? Upon 
what does pitch depend ? Describe the siren. How is it used to de- 
termine the number of vibrations in a sound ? How is the octave of 
any note produced ? How can we ascertain the length of the wave in 
sound ? What length uf wave produces the low tones in music ? The 
high tones ? Give the illustration of the locomotive whistle.* When 
are two tones in unison ? How can we find the length of the wave in 
any musical sound ? What is meant by the super-position of sound- 
waves ? 

134. How can two sounds produce silence? What is this effect 
termed ? Illustrate interference by means- of a tuning-fork. What are 
" beats " ? Describe the vibration of a cord. 

135-7. Describe the sonometer. What is the object of the wooden 
box ? Give the three laws of the vibration of cords. What is a node ? 
Describe the experiments illustrating the formation of nodes. What 
are acoustic figures ? Nodal lines ? 

138-140. What is the fundamental tone of a cord? A harmonic? 
What causes the difference in the sound of various instruments ? Does 
a bell vibrate in nodes? The violin-case? A piano sounding-board ? 
State the fractions representing the relative rates of vibration of the 
different notes of the scale. How is the sound produced in wind- 
instruments? How is the sound-wave started in an organ-pipe? In a 
flute? What determines the pitch ? What are sympathetic vibrations? 
Describe the resonance globe. What is a sensitive flame? 

141. A singing flame ? Describe the phonograph. The ear. What is 

temperalure decreases, and therefore so also does the velocity of sound. Thus the 
result is the same as in the case of a contrary wind ; the ray of sound is lifted over 
the head of a person on the ground, so that the audibility of the sound is diminished. 
The presence of vapor in the atmosphere also affects the propagation of sound ; the 
velocity increases as the quantity of vapor increases. The direct effect, however, is 
very slight, but indirectly the vapor is of consequence, for it gives to the air a greater 
power of radiating and absorbing heat, and so promotes inequality of temperature. 
The variation of temperature is greatest when the sun is shining, so that it is greater 
by day than by night, and greater in summer than In winter. Hence, according to 
the theory now explained, sounds ought to be heard more plainly by night than by 
day, and more plainly in winter than in summer. That sounds are heard more 
plainly by njjght than by day is a well-known fact. We have supposed that the 
temperature decreases as we ascend in the atmosphere ; but it may happen on some 
occasion that the temperature at the surface is lower than it is a little above the sur- 
face. This may be the case for instance over the surface of the sea in the day time, 
and over the sur&ce of the land by night. Thus the effect on sound will be similar 
to that of a favorable wind. It is obvious that by the combined influence of wind 
and temperature the results produced may vary much as to degree ; for instance, the 
operation of a contrary wind may be neutralized by that of the temperature rising 
as we ascend above the surfoce." See Proceedings of the Royal Society of Great 
Britain, volumes XXII and XXIV. 

* A speed of 40 miles per hour will sharpen the tone of the whistle of an approach- 
ing train by s semitone. 
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the object of the Eustachian tube ? Is there any opening between the 
external and internal ear ? What effect does it have on the hearing to 
increase or diminish the pressure of the air? How does a concussion 
sometimes cause temporary deafness? How can this be remedied? 
What are the limits of hearing? Does the range vary in different 
persons ? What sounds are generally heard most acutely ? Are there 
probably sounds in nature we never hear ? Has nature a tendency to 
music ? What causes the '* whispering of the pines ?" What is the key 
of nature ? 

VII. Optics. — Define. A luminous body. A non-luminous body. 
A medium. A transparent body. A translucent body. An opaque 
body. A ray of light. Show that neither air nor water is perfectly 
transparent. Why is the sun's light fainter at sunset than at mid-day? 
Define the visual angle. Show how distance and size are intimately 
related. 

150. State the laws of light. Do they resemble those of sound? 
What is the velocity of light? How is this proved? Explain the 
undulator}' theory of light. 

151. How does light-motion differ from sound-motion? What is 
diffused light ? Why are some objects brilliant and others dull ? Why 
can we see a rough surface at any angle, and an image in the mirror at 
only a particular one ? Would a perfectly smooth mirror be visible ? 
How does reflection vary? Define mirrors. Name and define the 
three kinds. 

152. What is the general principle of mirrors? Why is an image in 
a plane mirror symmetrical ? Why is it reversed right and left ? Why 
is it as far behind the mirror as the object is before it? 

153-6. Why can we often see in a mirror several images of an object ? 
Why can we see these best if we look into the mirror very obliquely? 
Why is an image seen in water inverted ? When the moon is near the 
meridian, why can we see the image in the water at only one spot ? 
When do we see a tremulous line of light ? What is the action of a 
concave mirror on rays of light ? Define the focus. Centre of curva- 
ture. Focal distance. Describe the image seen in a concave mirror. 
What are conjugate foci ? Describe the image seen in a convex mir- 
ror. Why is it smaller than life ? Why can it not be inverted like one 
seen in a concave mirror ? Define total reflection. 

157. Define Refraction. Does the partial reflection of light as it 
passes from one medium to another of different density have a parallel 
in sound ? Why is powdered ice opaque while a block of ice is trans- 
parent? Give illustrations of refraction. 

158. Why does an object in water appear to be above its true place? 
What is the general principle of refraction ? State the laws of refrac- 
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Hon. Describe the path of a ray through a window-glass. Is the 
direction of objects changed ? Describe the path through a prism. 

159-61. Name and describe the different kinds of lenses. What is 
the effect of a double-convex lens on rays of light ? What is this kind 
of lens often called ? Describe the image. Why is it inverted after we 
pass the principal focus ? Why is it decreased in size ? What is the 
efiect of a double-concave lens on rays of light ? Describe the image. 
Why can it not be inverted like one through a double-convex lens ? 
Describe the images seen in the large vases in the windows of drug' 
stocea. What is Aberration ? ♦ 

16a. What is a mirage ? Give its cause. 

163. liow is the solar spectrum foimed ? Name the seven primary 
colors. Show that these seven will form white light. Why are the 
rays separated ? What is meant by the dispersive power of a prism ? 
What apparatus possesses this property in a high degree? Ans. A 
triangular boltle filled with a liquid called carbon disulphide ( C^m- 
isfryf p. 118). What three classes of rays compose the spectrum? Do 
artificial lights differ in their proportion of these rays ? Why does the 
window of a photographer's dark room sometimes contain yellow 
glass ? 

J64-7. Describe the three kinds of spectra. The spectroscope. 
What are its uses ? Describe rainbows — primary and secondary. Why 
is the rainbow circular ? How is the rainbow formed ? Why must it 
rain and the sun shine at the same time, to produce the bow ? Why 
is the bow in the sky opposite the sun ? How many refractions and 
reflections form the primary bow ? The secondary ? How many colors 
can one receive from a single drop? Define complementary colors- 
How can they be seen ? What is the effect of complementary colors 

• To prevent spherictd aberration the piipfl of the eye can be made very small. 
The photographer reaches the same result by the use of a diaphragm with a small 
aperture. ** The power of a small orifice to correct the greatest amount of distortion 
bom interfering rays is shown by a simple experiment. The normal eye of an adult 
cannot see to read small print nearer than six inches. Within that distance the type 
becomes more indistinct the closer it approaches the eye. But if we make a pinhole 
through a card and phice it close to the eye, we can see to read printed matter of any 
size even as near as half an inch from the eye. At that distance we can see even the 
texture of fine cambric with microscopic definition. The cause of this is easily expli- 
cable. The ra3r8 strilcing the lens perpendicularly on the centre suffer no refraction. 
The effect of the pinhole is to exclude all rays but those that unpinge perpendicularly 
on the centre of the eye lenses. Hence the image of the object close m front of the 
eye is pictured on the retina without the interference of the surrounding rays, which 
would fidl obliquely on the lens, and being refracted out of focus would blur the 
picture. Observation of the effect of a small orifice in correcting aberrant rays, 
and of the fact that the pupil contracts in near vision, led Haller and some other 
phy^ologists to believe that contraction of the pupil was the sole factor in near 
accommodation. But this view has been sufficiently refuted by other observers."— 
Dr. DudaeoiCt " Human Eyel^ p. 76. 
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when brought in contrast ? (In Fig. 163 opposite colors are comple- 
mentary.) Why do colors seen by artificial light appear dififerently 
than by day-light — as yellow seems white, blue turns to green, etc. 

168. Describe Newton's rings. How are these explained according 
to the wave theory ? What causes the play of color in mother-of-pearl ? 
In soap-bubbles ? In the scum on stagnant water ? In thin layers of 
mica or quartz ? 

169. What can you say about the length of the waves ? State the 
analogy between color and pitch in music. Why is grass green? 
When is a body white? Black ? What is color-blindness ? 

170. What is double refraction I What are the two rays termed? 
What is polarized light? How does a dot appear through Iceland 
spar ? What other methods are there of polarizing light ? State some 
illustrations and practical uses of polarized light. 

171. What is the meaning of the word microscope ? Describe the 
simple microscope. The compound microscope. How is the power 
of a microscope indicated ? Do we see the object directly in a micro- 
scope ? Why is the object-lens made so small and so convex ? 

172-3. What is the meaning of the word telescope ? Describe the 
reflecting telescope. The refracting telescope. What is the use of the 
object -lens? The eye-piece? Is the image, inverted ? Describe the 
opera-glass. 

174. The stereoscope. The magic lantern. How are dissolving 
views produced ? 

175-7. Describe the Camera. The structure of the eye.* The 
formation of an image on the retina. The adjustment of the eye. The 
cause of near and far sightedness. The remedy. Why do old people 
hold a book at arm's length ? Illustrate the duration of an impression. 
What is the range of the eye ? 

* *'*' In the skaters eye, and generally in the eyes of fishes, the cornea Is nearly quite 
flat, the aqueous humor is insif^nificant, and there is virtually no anterior chamber, 
for the crystalline lens comes up close to the cornea. A convex cornea filled by an 
aqueous humor would be of no use in the water, the refractive index of the water 
being identical with that of the aqueous humor. Accordingly the refraction of the 
rays of light has to be effected entirely by the crystalline lens, which is nearly 
spherical, and of much greater refractive power than the corresponding org^ in 
animals which pass their lives in the air. The crystalline lens being so nearly spher- 
ical in shape and of such high refractive power, the axis of the eye is short. The eye 
of the turtle which is so much in the water, is very similar to that of the fish. The 
crystalline lens is very near the cornea. The lens is smaller proportionally than that 
of the skate, nor is it nearly so spherical ; and its density, and consequently its refrac- 
tive power, is somewhat less. Hence it has proportionally a longer focus. The 
cornea is more convex than that of the skate. The fish having no eyelids nor any 
lachrymal apparatus, its cornea will be apt to become dim by exposure to the air, but 
the turtle is well supplied with the requisite apparatus for maintaining the trans- 
parency of the eye in air. Ophidian reptiles have no eyelids or lachrymal apparatus, 
but they do not require them, as their cornea is transparent though dry."— /7r. 
Dudgeon^* ** Human Ey*^* p. 50. 
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VIII, Heat. — Define luminous heat Obscure heat. A diather- 
manous body. (See p. 205.) Cold. Gases and vapors. Show the 
intimate relation between light and heat. What is light ? How do 
the three classes of rays in the solar spectrum differ ? What effect 
does each of these produce ? What is the theory of heat ? Why can 
we not see with our fingers or taste with our ears ? At what rate does 
nerve-motion travel? (See Physiology ^ p. 159.) How long does it 
take a tall man to find out what is going on in his foot ? 

185-7. Name the sources of heat. Describe and illustrate each of 
these. Can force be destroyed ? If apparently lost, what becomes of 
it ? What is Joule's law ? Define latent, sensible, and specific heat. 
Explain the paradox, " that freezing is a warming process and thawing 
a cooling one." Why does "heat expand and cold contract"? What 
do you say as to the expansion of solids, liquids, and gases ? Illustrate 
the expansion of solids. Is it better to buy alcohol in summer or in 
winter? What is the thermometer? Describe it. Describe the pro- 
cess of filling and grading. The F., C, and R. scales. Tell what you can 
about liquefaction. Of a solid. Of a gas. In one case sensible heat 
becomes latent, in the other latent heat becomes sensible — why is this ? 

188-90. Explain how a freezing mixture " makes ice-cream." State 
the theory of vaporization. Of distillation. Since rain comes from the 
ocean, why is it not salt ? Describe the theory of boiling. What is the 
boiling point ? Do all liquids boil at the same temperature ? What 
would be the effect, if this were the case ? Upon what does the boiling- 
point depend ? Why does pressure raise the melt. pt. of most sub- 
stances but lessen that of ice (See notes, pp. 190 and 202)? Why does 
salt-water boil at a higher temperature than fresh- water ? Why will 
milk boil over so easily ? Why will soup keep hot longer than boiling 
water ? Does the air, dissolved in water, have any influence on the 
boiling-point ? (p. 202.) Can you measure the height of a mountain by 
means of a tea-kettle and a thermometer ? Show how cold water may 
be used to make warm water boil ? At what temperature will water 
boil in a vacuum ? Why ? Can we heat water in the open air above 
the boiling-point? What becomes of the extra heat? What is the 
latent heat of water? Upon what principle are buildings heated by 
steam ? Have you ever seen any steam ? 

191. Define evaporation. Does snow evaporate in the winter ? What 
can be done to hasten evaporation ? Why is a saucepan made broad ? 
Why do we cool ourselves by fanning? Why does an application of 
spirits to the forehead allay fever ? Why does wind hasten the drying 
of clothes? Describe a vacuum-pan. Why is evaporation hastened in 
a vacuum ? Why is evaporation a cooling process ? How is ice manu- 
factured in the tropics ? What is the spheroidal state ? 

Z92-3. Name and define the three modes of communicating heat. 
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Give iUustiadons showing the relative conducting power of solids, 
liquids, and gases. What substances are the best conductors ? Is 
water a good conductor ? Air ? What is the principle of ice-houses ? 
Fire-proof safes ? Why do not flannel and marble appear to be of the 
same temperature ? Is ice always of the same temperature ? Describe 
the convective currents in heating water. Where must the heat be 
applied ? Where should ice be applied in order to cool water ? De- 
scribe the convective currents in heating air. Upon what principle 
are hot-air furnaces constructed ? Ought the ventilator at the top of a 
room to be opened in winter ? At the bottom ? Is space warmed by 
the sunbeam ? 

Z94. Does the heat of the sun come in through our windows ? Does 
the heat of our stoves pass out in the same way ? Show how the vapor 
in the air helps to keep the earth warm. Explain the Radiometer. The 
relation between absorption and reflection. 

195. What is the elastic force of steam at the ordinary pressure of the 
air ? What is the difference between a high-pressure and a low-pres- 
sure engine ? Which is used for a locomotive ? Why ? Describe the 
governor. What is the object of a fly-wheel ? 

197. How does the capacity of the air for moisture vary ? What is 
the principle on which dew, rain, etc., depend ? Show that a change in 
density produces a change in temperature* What effect does this have 
on the temperature of elevated regions? Does aii ounce of air on a 
mountain-top contain the same quantity of heat as the same weight at 
the foot ? How is dew formed ? 

198-9. Upon what objects will it collect most readily ? Why will 
it not form on windy nights ? Why is rice-straw used in Bengal in 
making ice? What is a fog? Why do fogs form over ponds in the 
early evening ? Cause of fogs over the Newfoundland banks ? How 
does a fog differ from a cloud ? Why do clouds remain suspended in 
the air, contrary to gravity? Describe the different kinds of clouds. 
Describe the formation of rain. Snow. 

200-3. How are winds produced ? Land-and-sea breezes ? Trade- 
winds? Oceanic currents? Tell about the Gulf Stream. Explain the 
influence which water has on climate. Of what practical use is the 
air in water? Describe the exception which exists in the freezing 
of water. Why is this made ? Describe the two processes by which 
pure water can be obtained. How is an excessive deposit of dew 
prevented ? 

IX. Electricity. — Give the origin of this word. Name the different 
kinds of Electricity. Define Magnetism. A Magnet. A natural 
magnet An artificial one. A bar-magnet. A horse-shoe magnet. 
The poles. The magnetic curves. Describe a magnetic needle. What 
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IS the law of magnetic attraction and repulsion ? Define magnetic in* 
duction. Explain it 

213. When is a body polarized ? Give some illustrations of induced 
magnetism. Does a magnet lose any force by induction ? How do 
you explain the fact that if you break a magnet each part will have its 
N. and S. poles. 

214-15. Describe the process of making a magnet On what principle 
will you explain this ? Describe the compass. Is the needle true to 
the pole ? What causes it to vary ? What is the line of no variation ? 
Declination ? Why does the needle point N. and S. ? What is a dip- 
ping-needle ? Explain. How is a needle balanced ? 

216-17. Where is the N. magnetic pole ? How would one know when 
he reached it ? Does the earth induce magnetism ? Which end of an 
upright bar will be the S. pole? How has the loadstone become 
polarized? Define frictional electricity. The electroscope. Differ- 
ence between static and d3mamic electricity. Show the existence of 
two kinds of electricity. Give the names applied to each. 

219. State the law. What is the theory of electricity ? Is it a polar 
' force ? Is it easily disturbed ? Define a conductor. An insulator. 

220-3. What is the best conductor? Best insulator? Is a poor 
conductor a good insulator ? When is a body said to be insulated ? 
Can electricity be collected from an iron rod ? Describe a plate-glass 
electrical-machine. What is the use of the chain at the negative pole ? 
Describe Holtz's electrical machine. Define electrical induction. 
State Faraday's theory. 

224-5. What is the relation between induction and attraction and 
repulsion? Describe the electric chime. Explain. Describe the 
dancing images. The Leyden jar. What gives the color to the spark ? 
How is the jar discharged ? 

226-7. What are the essentials of a Leyden jar ? What is the object 
of the glass ? The tinfoil ? State the theory of the charging of the 
jar. Can an insulated jar be charged ? Is the electricity on the sur- 
face or in the glass ? Can the inner molecules of a solid conductor be 
charged ? Will a rod contain any more electricity than a tube ? Why 
is the prime conductor of an electrical-machine hollow ? What is the 
effect of points ? Describe the electric whirl. Explain the existence 
of electricity in the atmosphere. What is the cause of lightning? 
Thunder? Is there any danger when 37OU once hear the report? 
Describe the different kinds of lightning. Tell how Franklin discov- 
ered the identity of lightning and frictional electricity. (See p. 251.) 

228-9. What is the cause of the Aurora Borealis? How is this 
shown? Prove the intimate relation between the aurora and mag- 
netism. Tell what you can about lightning rods. In what consists 
the main value of the rod ? Does the lightning ever pass upward 
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from the earth? Ans. It does, both quietly and by sudden discharge. 
Has Nature provided any lightning-rods ? What is St. Elmo's fire ? 
What is the velocity of electricity ? Illustrate its instantaneous- 
ness. 

230-1. Name some of the effects of frictional electricity — (i) Phys- 
ical, (2) Chemical, (3) Physiological. How are galvanic electricity and 
chemistry related ? Why is galvanic or voltaic electricity thus named ? 
Tell the story of Galvani's discovery. (See p. 251.) What was his 
theory? Give an account of Volta's discovery. How can we form a 
simple pile ? Describe the simple galvanic circuit. 

232. Define the poles. Electrodes. Closing and breaking the cir- 
cuit. What is necessary to form a voltaic pair? Are the terms 
applied to the metals the same as those to the poles? Describe the 
chemical change. Why does the hydrogen come off from the copper? 
Tell what you can about the current. 

233. What really passes along the wire ? How is this force trans- 
mitted? Will a tube, then, convey as much electricity as a rod? 
Explain the term electric potential. 

234-5. Describe Smee's battery. Grove's battery. The chemical 
change in this battery. What are the advantages of Grove's battery ? 
Describe Bunsen's battery. Daniel i's battery. The sulphate of copper 
battery. Define quantity and intensity. Upon what do they depend ? 
Compare frictional and galvanic electricity. 

236-9. State the effects of galvanic electricity, (i) Physical — heat 
and light ; (2) Chemical — decomposition of water, electrolysis, electro- 
typing, electro-plating, etc. ; (3) Physiological. 

240. What is the effect of a voltaic current on a magnetic needle ? 
What is a galvanometer ? An astatic needle ? An electro-magnet ? 
A helix ? Show how a helix can be magnetized. How are bar-magnets 
made? How is motion produced by electricity? Describe Page's 
rotating-machine. What is the principle of an electric engine ? What 
difficulty is there in its practical use ? Describe the magnetic tele- 
graph. How is a message sent ? How is one received ? What is a 
sounder ? What is the general principle of the telegraph ? Describe 
the relay. Name the use of each instrument. Define magnetic elec- 
tricity. Describe a magneto-electric machine. Describe Wild's 
machine. What are induced currents? Describe the Telephone. 
The Microphone. What is the difference between the acoustic and the 
magnetic telephone ? Explain Ruhmkorff's coil. Thermal electricity. 
A thermo-electric pile. Describe the electric fish. 



TABLES. 



Prepared by Dr. Wm. H. Tatlob, State ABsayer and Chemist, and ProfeBsor In 

High School, Richmond, Va. 



I. LAWS OP PALLING BODIES. 

„ ^ In terms 

Feet. 

of 16 feet 

Velocitj at end of let second = 83 = 82 = 2 x 16. 

" " "2d " =82 + 82 = 64 = 4 X 16. 

"3d " = 82 + 32 + 32 = 96 = 6 X 16. 

The constant increase given hj gravitj for every second is 82 feet. 

Distance for any second equals the mean between velocity at the 
beginning and velocity at the end of that second. * 



_^ « at beginning + « at end 



Hence, 



Distance for 1st second = — jr — = 16 = 1 x 16. 



32 4- A4 
*• 2d •' = — ^ = 48 = 8 X 16. 



" 8d " = ?ii^ = 80 = 6 X 16. 



/ 



.«4 
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IL ANALT8I8 OF THE MOTION OF A FALUNa BODY. 



1 space, 
lat Bee. 1 Acquired Telocity = 2 spaces. 

8 spaces. 
2d sec. I Acquired yelodtj = 4 spaces. 



Sdsec. 



4th sec. 



5 spaces. 
Acquired yelodty = 6 spaces. 



7 spaces. 
Acquired velocity = 8 spaces. 



1 space = 16 It 

Acquired velocity is each as would 
carry the body over itoice the 
space already passed in same 
length (jf time, withont fiirther 
aid from gravity. Since grav- 
ity does c£d i/. however, to the 
extent of 16 ft. a second, we 
must include its aid in calca- 
lating the entire space passed 
over. Ex. : At the end of 3 
seconds the body has passed 
over 1 + 3 + 6 = 9 spaces. 
Twice this = 18 spaces lor the 
8 secondSjOr 6 spaces for one 
second. These 6 spaces win 
he utilized dnring tiie next 
(4th) second, and, in addition, 
gravity wiUmmish one space, 
making 7 spaces through 
which the body will move 
during the 4Ui second. 



m. SECOND LAW OF PENDULU^tS. 



Time of vibration =: 1 second. = 2 seconds. 
Length = 89.1 in. 

* Length = 4 X 89.1 in. . . 



= 3 seconda 
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